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Map 3 - Edwardsburgh township, Grenville county, Ontario: 
Figure 1. Map showing types of overburden; 
2, Map showing topography, and location and 
types OF WELLS seccnwccccecccrrsccvccsserenes (at back) 
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area, and Figure 2 shows the positions of all wells for which records 


are available, together with the class of the well at each location, 
GLOSSARY .OF TERMS USED 


Alluvium. Recent deposits of clay, silt, sand, gravel, 
and Bever material deposited in lake beds and in flood=plains of 
modern streams. 

Aquifer, A porous bed, lens, pocket, or deposit of 
material that transmits water in sufficient quantity to satisfy 
pumping wells, flowing artesian wells, and springs. | 

Bedrock, Bedrock, as here used, refers to the consolidated 
deposits underlying the glacial drift. South of a line ce between 
Midland, on Georgian Bay, and Kingston, the bedrock onsite mainly 
of sedimentary rocks such as limestone, shale, slate, and sandstone; 
north of that line the bedrock consists chiefly of hard, crystalline, 
granitic rocks, 

Contour, A line drawn on a map that dial ature points 
that have the same elevation above mean sea-level. 

Continental Ice-shect, The great, broad ice-sheet that 
covered most of the surface of Canada many thousands of years ago. 

Escarpment. A cliff or relatively steep slope separating 
two level or gently sloping areas, 

Effluent Stream. A stream that receives water from a 
zone of saturation, 

Floodplain, A flat part in a river valley ordinarily 
above water, but covered with water when the river is in flood, 

Glacial Drifte A general term that includes all the loose, 
unconsolidated materials that were deposited by the continental ice- 
sheet, or by waters associated with it, It includes till, deposits 


of stratified drift, and scattered boulders and-rock fragments, 
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Several forms in which glacial drift occurs aro as follows: 

(1) End Moraine (Terminal Moraine), A more or less 
discontinuous ridge or serios of ridges consisting of glacial drift 
that was laid down by the ice at the margin of a moving ice-sheet. 
fhe surface is characterized by irrcgular hills and undrainod basins. 

| (2) Ground Moraine. A widoly distributod foots 
consisting of glacial drift deposited beneath an ice=shect,. The 
predominant material is till, which is clay containing stones. The 
topography may vary from flat to gently rolling. 

(3) Kame Moraine, Assarted deposits of sandy and gravelly 
stratified drift laid dowm at or close to the ice margin, The 
topsgraphy is similar to that of an end moraine, Kame terraces are 
elongated deposits of this type laid down on the slopes of broad, 
flat-bottomed valleys, 

(4) Drumlin., A smooth oval hill that has its long axis 
parallel with the direction of ice movement at that place, It is 
composed mainly of till. 

(5) Esker. An irregular-crested ridge or series of 
discontinuous ridges of stratified drift deposited by a glacial stream ~ 
that flowed beneath the continental_ice~sheot_or in deep crevasses 
within it. It is composed mainly of sand and gravel, 

(6) Glacio-fluviel Deposits, Silt, sand, and gravel 
outwash deposited by streams resulting from the melting of the ice- 
shecte | 

(7) Glacio-lacustrine Deposits, Clay, silt, and sand 
deposited in glacial lakes during the retreat of the ice-sheet, The 
clay deposits are commonly very distinctly stratified in layers. a 
fraction of an inch to one or more feet in thickness; each layer 
is believed-to represent.deposition during one-summer season ond one 
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(8) Kame. An isolated mound or conical hill composed 
of stratified sand and gravel deposited in a crack or crevasse 
within the ice or in a depression along the ice front. 

(9) Marine Deposits. Deposits laid down in the sea 
during the submergence that followed the withdrawal of the last 
ice-sheet. ev cronsiat chiefly of clay, silt, end sand, and have 
emerged beaches of sand and gravel associated with theme 

(10) Shoreline, A ice escarpment that indicates 
the former margin of a glacial lake or sea, It is accompanied by 
scattered deposits of sand and gravel located on former beaches and 
bars. 

Ground Water. Sub-surface water in the zone of saturation 
below the water-table. 

Hydrostatic Pressure, The pressure that causes water in 
a well to rise above the point av which it was first encountered, 

Infuent Stream, A stream that feeds water into a zone 
of saturation. 

Impervious or Impermeable, Beds such as fine clays or 
‘shale are considered to be impervious or impermeable when they do_not 
permit the perceptible passage o* movement of ground water. 

Pervious or Permeable, Beds are pervious or permeable 
when they permit the perceptible rae or movement of ground water, 
as, for example, porous send: gravel, and sandstone, 

Porosity. The porosity of a rock is its property ate 
containing interstices or voids. 

Pre-glacial Land Surface. The surface of the land as it 
ee before the ice-sheet covered it with drift, 

ee Deposits that have been laid down by 
the agencies of water and wind since the disappearance of the 


omtinental ice-sheet; for example, elbrriumin-stream vallsyse 
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Unconsolidated Deposits. The mantle or covering of loose, 
uncemented material overlying tho bedrock, It consists of Glacial 
or Rocent deposits of boulders, gravol, sand, silt, and clay. 

Water-table, The upper limit of the part of the ground 
saturated with water, This may be near the surface or many feet 
below it. Water may be retained above the main water-table by a 
zone of impervious matcrinl; such water is said to be perched and its 
upper limit to be a porched water-table, 

Wells, Holos sunk into the ground so as to obtain a 
supply of water. When no water is obtained they are referred to as 
dry holes, Wolls yielding water are divided into four classes: 

(1) Flowing Artesian Wells. Wolls in which the water is 
under sufficient hydrostatic pressure to flow above the surface of 
the ground at the well. 

(2) Non-flowing Artesian Wells, Wells in which the water 
is under hydrostatic pressure sufficient to raise it above the’ Level 
of the aquifer, but not above the level of the ground at the well, 

(3) Non-artesian Wells, Wells in which the water does 
not rise above the water-table or the aquifer, 

(4) Intermittent Non-artesian Wells, Wells that are 
gonerally dry for a part of each year, 

Zone of Saturation, The part of the ground, below a 


water~table that is saturated with water, 
’ GENERAL DISCUSSION OF GROUND-WATER 


Almost all the waver recovered from beneath-the earth's 
surface for both domestic sia sbidie en aa uses is meteoric water, that 
is, water derived from the atmosphere. liost of this water reaches 
the surface as rain or snow. Part of it is carried off by streams; 


part evaporates either directly from the surface: and from the upper 
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mantle of the soil or indiroctly through transpiration of plants; the 
remainder infiltrates into the ground to bo added to the ground-water 
supplies, 

The proportion of the total precipitation that infiltrates 
from the surface into the zone of saturation will depend upon the 
surface topography and the type of soil or surface rock, More water 
will be. absorbed in sandy or gravelly areas, for example, than in 
those covered with clay, Surface run-off will be greater um hilly 
areas than in those that are relatively flet, In sandy regions where 
relief is great, the first precipitation is absorbed and run-off 
only commences after continuous heavy rains. Light rains falling 
upon the surface of the earth during the growing season may be wholly 
absorbed by growing plants. The quantity of moisture lost through 
direct evaporation depends largely upon temperature, wind, and 
humidity. Ground water in areas overlain by pervious material may 
be recharged by influent streams carrying rui~off from areas overlain 
by relatively impervious materials 

Because of the large consumption of ground water in 
settled areas, it may seem surprising that precipitation can furnish 
and Riedie supply. However, when it is borne in mind that a layer 
of water 1 inch deep over an area of 1 square mile amounts to 
approximately 14,520,000 imperial gallons, and that the annual 

precipitation in this region, for example, is about 30 inches, it 
will be seen that each year some 435,600,000 imperial gallons of 
water falls on each square mile, Although it would be impossible 
to determine the onnual recharge“of the ground-water supply of, the 
area, if it were assumed that only 10 per cent of the total 
precipitation, namely 43,560,000 galtons, is contributed to the 
zone of saturation, it will be seen that the annual recharge for 


the entire area would be a very large volume. The annual consumption 
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of water in all aroas investigated is not known, but an estimate for 
Some restricted areas, based on per capita consumption, shows it to 
be only about one-tenth of the ennual recharge as estimated above. 

In most regions of the world where precipitation is 
effective there is an underground horizon mown as the groundwater 
lovel or water-table, which is the upper surface of ie zone of 
saturation. The water-table commonly is a subdued replica of the 
surface topography. The weter that enters from the surface into 
the unconsolidated deposits ond rocks of the earth is drawn down by 
gravity to where it reaches the zone of saturation or comes in 
contact with a relatively impervious layer. Such a layer may stop 
further downward percolation, resulting in perched water and creating 
a porched water-table, If a water-table is at or near tho surface, 
thore will be a lake or swamp; if it is cut by a valley, there will 
be a stream in the valley, The terms influent and effluent are used 
with reference to streams and their rolation to the water-table, An 
influent stream flows above the water-table and feeds water into the 
zone of saturations; an effluent stream flows at or below the water- 
table and receives water from the zone of saturation. An effluent 
stream may become influent and eventually dry up if the water-table is 
lowered sufficiently. The ground water in the zone of saturation is 
almost eee on the move percolating towards somo point of 
discharge, which may be a spring or a pumping well. 

ALL ae and soils are to some degree porous, that is, the 
individual grains or particles of which they are composed are partly 
surrounded by minute interstices or open spaces that form the 
receptacles and conduits of ground-weter, In most rocks and soils 

_ _the-interstices are cormected and large enough forthe water to move~ 
from one opening to another, In some rocks or soils, however, they 


are largely isolated or too small to allow movement of water. The 
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porosity of a material varics directly with the size and number of 
its intorsticus, which in turn depend chiefly upon the size, shape, 
arrangement, and degroc of assortment of the constituent particles. 
Horizons within the earth's crust of fine-grained rock such as 
shale, limestone or dolomite, or unconsolicated clay or silt, may 
have such small interstices that the contained water will not flow 
readily and wells penetrating them may derive little or no water from 
theme Such horizons are considered impervious. Beds of more 
coarse-grained matcrials such as sand, gravel, or sandstone have 
groater porosity and readily yield their waters to wolls, They are 
called water-bearing beds or aquifers, A clean water-bearing gravel 
is ono of the best sources of water. This is true whether the water 
is derived from the zone of saturation-or from a bed of gravel 
confined above, between, or below beds of less Ree tc material. 

Consolidated rocks usually considered to be impervious may 
sometimes produce water in relatively good supply from openings 
within them of primary or secondary origin. Those of primary origin, 
original interstices, were created when the rocks cane into existence 
as a result of the processes by which they were formed; Cege bedding 
planes, and intergranular spaces. ‘Secondary interstices comprise 
joints and other fracture openings, solution openings, and openings 
produced by several processes of minor importance, such as the work 
of plants and animals, mechanical erosion, and recrystallization; all 
ap these involve movement of a type that acted after the consolidation 
of the rock. The most important interstices with respect to water 
supplies are the original interstices, next to them are the fracturo 
‘and solution openings, 

Tho most common wells and those that in drift-covered areas 
yield the largest aggregate supply of ground water are water-table 


wells, These are wells that derive thoir water fromthe zone of 
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saturation. Many shallow wells becomo dry during the late summer 
ond wintor, or during poriods of extreme drought. In most cases 
this is due to the lowering of the wator-table below the bottom of 
the woll. Tho grouping together of a number of water-table wells 
within a limited area will also lower the yield of any one of the 
wells, This is especially true of water=producing formations of low 
permeability. Whon a well penetrates an aquifer confined by 
impervious beds, water will be forced upward by hydrostatic pressure 
exerted at the point whore the well enters the aquifer, If the 
hydrostatic pressure is great enough to force the water to or 

above the surface, a flowing well is formed. 

Springs are formod where the water-table, or some water- 
bearing aquifer, outcrops at the surface of the ground, The water 
emerging from water-table springs is free-running water flowing 
down the gradient of the wator-table. In many cases these springs 
occur as slow seeps along the steeper slopes of stream valleys, A 
large number in one areca could maintain a swamp, A group ‘, 
permanent springs occurring in one area could provide sufficient 


water to maintain a lake or form the source of a stream, 
GENERAL DISCUSSION OF GROUND-WATER ANALYSIS 


The mineral content of ground water is of intcrest to many 
besides those industries seeking water of specific quality, Both the 
kind and quantity of mineral matter dissolved in natural water depend 
upon the texture and chemical composition of the rocks with which the 
arian has been in contact. Pollution is caused by contact with 
Ueret ie matter or its decomposition products, Analyses of well waters 
for mineral content are made by the Mines Branch, Department of Mines 
and Technical Surveys, Ottawa. 

In san given area, an attempt is made to secure samples of 


water representative of all major aquifers. The quantities of the 
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various constituents for which tests aro made are given as “parts 
por million", which refers to the proportion by woight of cach 
constituent in 1,000,000 parts of wator, 

The following mineral constituents are those commonly 
found in natural watcors in quantities sufficiont to have a 
practical effoct on the value of the waters for ordinary uses: 

Silica (Si, ) may be derived from tho solution of almost 
any rock-forming silicate, although its chief source is tho feldspars, 
It is commonly dotermined in the analysis of water for use in steam 
boilers, as silica is classed as an objectionable encrustant. 

Calcium (Ca), The chief source of calcium dissolved a 
ground water is the Solation of limestone, gypsum, and dolomite, The 
common compounds of calcium are calcium carbonate (Caco, ) and calcium 
sulphate (CaS0,), neither of which has injurious effects upon the 
consumer, but both of which cause hardnoss and, the former, boiler 
scalce 

oouapelens (Mg). The chief source of magnesium in ground 
water is dolomite, a carbonate of calcium and magnesium, The sulphate 
of magnesium (MgSO, ) combines with water to form Epsom~salts .(MgS0O4.7H20), 
and renders the water unwholesome if present in large amounts. 

Sodium (Na) is found in all natural waters in various 
combinations, though its salts constitute only a small-part of the 
total dissolved mineral matter in most waters in humid regions. Sodium 
salts may be present as a result of pollution by sewage, or of 
contamination by sca water either directly or by that enclosed in 
sediments of marine origin. Moderate quantities of these salts have 
little effect upon the suitability of a water for ordinary uses, but 
water containing sodium in excess of about 100 parts per million-mist 
be used with care in steam boilers to prevent foaming. Waters 
containing large quantities of sodium salts are injurious to crops 


and are, therefore, unfit for irrigation, The quantity of sodium salts 


ae e 


Ghee aah abe iy 


bike, | iy ces 


rept Mtb eho! 


haet 74 ue 


Sin ie & ere Were nian yf 


adh bone 


may be so large as to render a water unfit for nearly all uses. 

Potassium (K), like sodium, is derived originally from 
the alkaline feldspars end micas, It is of minor significance and 
is sometimes. included with sodium in a chomical analysise 

iron (Fe) is almost invariably present in well waters, 
but rarely in large amounts. Salts, or compounds, of iron are 
dissolved’ from many rocks as woll as from iron sulphide deposits 
with which the ground water comes in contact. It may also be 
dissolved from well casings, wator pipes, and other fixtures in 
quantities large enough to be objectionable. Upon exposure of the 
water to the atmosphere, dissolved iron separates as the hydrated 
oxide that imparts a yellowish brown discoloration. Excossive iron 
in water causes staining on porcelain or enamelled ware an”? renders 
the water unsuitable for laundry purposes. Water is not considered 
drinkable if the iron content is more than 0.5 parts per million. 

Sulphates (S04). Deposits of gypsum (CaS04o2H90) are the 
principal source of sulphates dissolved in ground water; soluble 
sulphates, chiefly of magnesium and sodium, are other sourceSe 
Sulphates cause permanent hardness in water and form injurious boiler 
scalee Sodium and magnesium sulphates aro laxative when present in 
quantities of more than 900 parts per million. 

Chloride (Cl) is derived chiefly from organic materials or 
from marine rocks and sediments. It occurs usually as sodium chloride 
and less commonly as calcium chloride and magnesium chloride. Sodium 
chloride ‘ae characteristic constituent of sewage and a locally 
abnormal amount suggests pollution, However, because chlorices may 
be derived from many sources, such abnormal quantities should not, 
in themselves, be ee as positive proof of pollution. Chlorides 
jmpart a salty taste to water if they are present in excess of 300 
parts per million. 

Nitrates (NOz) are of minor importance in the study of 


ground water. Relatively large quantities in a water may represent 
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pollution by scwage, or drainage from barnyards, or even from 
fertilizod ficlds, It is recommended that a bacteriological test 
be made of water showing an appreciable nitrate content if it is to 
be used for domestic purposes, 

Carbonate (COz) forms a large percentage of the solid 
compounds held in solution by the average grounc water. The two 
chief sources are the decomposition of feldspars and the solution 
of limestone by water carrying carbonic acid in solution, which 
is the primary agent in rock decomposition, They are indicated 
in the table of analyses as alkalinity. Calcium and magnosiun 
carbonates cause hardness in water, whereas sodium carbonate causes 
softness, 

Bicarbonate (HCO3), Carbon dioxide dissolved in water 
rendors the insoluble calcium and magnesium curbonates soluble as 
bicarbonates, Boiling reverses the process by changing tho bicarbonates 
into fmsoluble carbonates, which form a coating on the sides of 
cooking utensils. 

Total Dissolved Solids me acetes Evaporation). The term 
is applied to the residue obtained when a sample of water is evaporated 
to dryness. Waters are considered high in dieeoined mineral solids 
when they contain more than 500 parts per million, but may be accepted 
for domestic tise up to that point if no better supply is available, 
Residents, accustomed to the waters, may use waters that So yt 
over 1,000 parts per million of tater dissolved solits without 
inconvenience, although persons not used to such highly mineralized 
waters would find them objectionable. 

Hardness is a condition imparted -to woters chiefly by 
‘dissolved calcium and magnesium compounds, It here refers to the 


soap-destroying power of water, that is, the power of the water 
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first to usc a certain amount of soap to precipitate the above 
compoun’s before a lathor is procuced, The hardness of water in 

its original state is its total hardness. Permanent hardness remains 
after tho water has been boiled, ani is causod by mineral salts that 
cannot be romoved from solution by boiling, It can be roduced by 
treating the water with ah ed meh softeners, such as ammonia or sodium 
carbonate, or with many monufactured softeners, Tomporary hardness 
can be climinated by boiling, and is due to the presonce of 
bicarbonates of calcium and nagnesium, Waters containing larger 
mera ae of sodium carbonate than of calcium and magnesium compounds 
are soft, but if the latter compounds are more abundant the water is 


harde The following tablet may be used to indicate the degree of 


hardness of a water: 


Total Hardness 


Parts per million Character 


CaBOUU EU ie caca's Ge ee cae bers d peel oe NR REe Ore 

BOnL OO) po clave ee Meer ates RRM BOP EES FER D RCCL NOL yy cand 
100-150 Cer OHS HSHOHSRHO HEHEHE HOHE SHT HES OOF Slightly hard 
150-200 Cees eoe seer eoseereseereserernesed Moderately hard 
200-400 eaeseoseeoreeoeervrarveseoeeeeeesoe ee Hard 
300 and over Ceo rear rere sseeesersrarrese?e Very hard 


Thresh, J. C., and Beale, J, Fe; The Examination of Waters and 
Woter Supplies, pe 21, London, 1925. : 
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PART II 


EDWARDSBURGH TOWNSHIP, GRENVILLE COUNTY, ONTARIO 


Physical Features 

Edwardsburgh township is in the southeast part of Grenville 
county, and has an area of approximately 112 square miles. The township 
extends along the northwest side of the St. Lawrence River from a point 
approximately 1 mile east of the town of Prescott to 13 miles east of 
the town of Cardinal. Cardinal, the largest community in the township, 
lies about 118 miles west of Montreal. 

The topography of Edwardsburgh township is that of a flat 
sand plain upon which are scattered numerous, large, elongated ridges 
of clay till and smaller knolls and hills of kame sand. The general trend 
of the topography varies from south 10 degrees west to south 30 degrees 
west. Bedrock, which consists of flat-lying Ordovician sedimentary 
formations, is reflected in the surface wherever the overburden is thin, 
A poorly marked divide between the basins of Ottawa and St. Lawrence Rivers 
crosses the south part of the township in an east-west direction, Near 
Cardinal, the divide is only @ miles from the St. Lawrence River, and 
farther west in the township the distance is about 3 miles, 

The large area north of the divide is drained by South Nation 
River, which, together with its numerous small tributaries, crosses the 
north half of the township in a northeast direction. The drop in South 
Nation River between the Canadian Pacific Railway bridge west of Spencerville 
and the bridge at Hyndman, a distance of 8 miles, is 2e.e feet. This 
indicates an average gradient across the township of 2.8 feet a mile, 

The township as a whole has a relief of more than 125 feet, 
The highest elevation is in the northwest part where an altitude of more 
than 375 feet is attained. The lowest part is on the St. Lawrence River 
in the southwest corner of the township where the altitude is less than 
200 feet above sea-level. 

Graphs have been prepared depicting the monthly precipitation 


from 1947 to the end of 1950, as measured at various meteorological stations 
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in the area about Edwardsburgh township, and the fluctuations in the water 
table, as measured at an observation well near the town of Morrisburg 

for the same period. The latter was provided through the courtesy of the 
Ontario Department of Mines. From these graphs, it will be noted that, 
during the months when the ground is not frozen, the elevation of the 
water-table depends, to a large extent, on the amount of precipitation 
falling upon the area. In general, the lowest amount of precipitation 
occurs during the months of August and September, and it is during that 
period that the water-table shows a steady decling, commonly reaching its 
lowest point in October, 

In the subsequent months, there are periods of considerable 
precipitation, but, because the frozen condition of the ground prevents 
downward percolation of water, and the fact that a great deal of the 
precipitation is in the form of snow, the water-table remains low during 
the winter months and does not commence to rise until the end of February. 

The highest elevation of the water-table is reached during 
May and June. This is normally due to the supplementing of the regular 
precipitation with water from melting snow and ice accumulated on the 


surface during the winter months, 
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X Extracts from the 'Monthly Weather Map!, Meteorological Service, Dominion of Canada. 
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Geology 
Bedrock Formations, The township, which is located within the 
Ottawa — St, Lawrence Lowland, is underlain by Palaeozoic rocks of Ordovician 
ages In most cases, the rocks are flat—Lying or gently undulating, ‘The 


general dip is extremely low and in a northwest direction. 


Bn ee ee ee So ae ae 


Table of Formations~ 


Era; Period | Sub. Epoch | Formation Thickness lithology 
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‘ Wilson, AeE.t Geology of the Ottawa - St. Lawrence Lowland, 
Ontario and Quebec; Geole Surv., Canada, Mem, 241, p. 9 (1946), 
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The March formation underlies a small area in the southwest 
part of the township in the vicinity of Domville station on the Canadian 
Pacific railway, The remainder of the township is underlain by the 
succeeding Oxford formation, except for an extremely small area along the 
east boundary in the northeast part of the township, which is underlain by 
the Rockcliffe. The Precambrian rocks are represented by one small outcrop 
of white quartzite located in lot Dog CON, IV, 

Overburden, The types of overburden ececurring in the township, 
classified according to their origin and arranged in order of their deposition 
from oldest to youngest, are as follows: glacial till, glacio-fluvial 
material, and marine beds. Recent deposits are relatively scarce and 
unimportant. 

Glacial materials in the towmship occur chiefly as ground moraine. 
In most instances they are completely buried beneath glacio-fluvial material 
and marine sediments and, accordingly, are only encountered during excavating 
or drilling operations, although in somw localities they outcrop as elongated 
hills and ridges of clay till, Many of these structures appear to be the 
upper parts of half-buried drumlins, with their long axes parallel to the 
direction of the last ice movement. They often have the appearance of 
fislands! of clay till in a 'sea! of marine sand and clay, Thin layers of 
till reworked by invading marine waters occur on some of the higher ground. 
They are frequently associated with accumulations of large boulders, 

Glacio-fluvial material in the form of kames, is extensive 
throughout Edwardsburgh township. The kames occur as scattered knolls and 
irregular ridges of sand and fine gravel, the relief of which has been 
. considerably Lowered by the planing action of the waves, In most instances, 
the kame material directly overlies clay till or bedrock, 

The invasion and subsequent withdrawal of the Champlain Sea, 
which followed the retreat of the ice-sheet in the region, formed various 
deposits of marine origin, The most extensive of these in Edwardsburgh 
township are the beds of sand and clay that occur in the flat areas between 


the higher ridges of clay till and kame material. 
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The March formation underlies a small area in the southwest 
part of the township in the vicinity of Domville station on the Canadian 
Pacific railway. The remainder of the township is underlain by the 
succeeding Oxford formation, except for an extremely small area along the 
east boundary in the northeast part of the township, which is underlain 
by the Rockcliffe. The Precambrian rocks are represented by one small 
outcrop of white quartzite located in lot 55, cone IV. 

Overburden, The types of overburden occurring in the township, 
classified according to their origin and arranged in order of their 
deposition from oldest to youngest, are as follows: glacial till, glacio- 
fluvial material, and marine beds. Recent deposits are relatively scarce 
and unimportant, 

Glacial materials in the township occur chiefly as ground moraine. 
In most instances they are completely buried beneath glacio~fluvial material 
and marine sediments and, accordingly, are only encountered during exoavating 
or drilling operations, although in some lovalities they outcrop as elongated 
hills and ridges of clay till. Many of these structures appear to be the 
upper parts of half—buried drumlins, with their long axes parallel to the 
direstion of the last ice movement, They often have the appearance of 
‘islands! of clay till in a 'seat of marine sand and clay. Thin layers of 
till reworked by invading marine waters occur on some of the higher ground, 
They are frequently associated with accumulations of large boulders. 

Glacio-fluvial material in the form of kames is extensive through— 
out Edwardsburgh township. The kames occur as scattered knolls and irregular 
ridges of sand and fine gravel, the relief of which has been considerably 
lowered by the planing action of the waves, In most instances, the kame 
material directly overlies clay ta or bedrock. 

The invasion and subsequent withdrawal of the Champlain Sea, 
which followed the retreat of the ice-sheet in the region, formed various 
deposits of marine origin, The most extensive of these in Edwardsburgh 


township are the beds of sand and clay that occur in the flat areas between 


the higher ridges of clay till and kame material. ; i 
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Merine clay is extensive throughout. the township, but in 
most instances is covered by a layer of marine sand of various thicknesses, 
and except for a few small areas, one in lot *0, con. VIII, and others 
in lots 25 to 30, con. I, can only be seen along the banks and in the 
bottoms of small creeks, 

Marine sand covers a large part of Edwardsburgh township, 

It appears to overlie all other unconsolidated material in the township 
with the exception of the Recent. The thickness of the marine sand is 
not great, varying generally from a few inches to a few feet. 

Alluvial clay, silt, and sand occur along the flood plain of 
South Nation River between the community of Ventnor and the point where 
the river leaves the township, These materials may overlie either bedrock, 
clay till, or marine clay, They are shallow beds, considered to be 
derived mainly from the reworking of glacial drift. 

Dune sand occurs locally in Edwardsburgh township. It is 
usually concentrated on the east side of kame deposits, which are the 
source of much of the material. The material consists of a fine, white 
sand that is useless for farming. These deposits are not considered 
important as sources of ground water, 

Variations in the thickness of drift throughout the township 
were determined in many localities as a large number of the recorded 
wells were reported to have encountered bedrock, 

The following table indicates the minimum and maximum 


thicknesses of drift in several localities, as indicated by the recorded 


wells: 


joe Peet eae 


aa: ela oe n Siok set “slant as + os Sei 


eA: ak Ce ea Bictwes scuba ae poi iro” a es 
ie : 4 Hh setae sot Aa aes ae . 


he yet a: seaneid. ionpptiee at pene | 

. - “Sabot ‘de win, alerted secu aves net pe ak at i 

SRO leew is Gamer iiaien a ey sew Laat ‘Bedoya ‘i Ete of ro 

emt eae shulpitad dae ae vole Sith iit Shot his ; a 
Tele ond: ae “qodinstt ihe 4 ae walt ‘illoth gan ae ponte val : xe 

| | peerrbiatt 8 briana ayant ‘a wattage nem, 1 fs i : 


‘ato a oo neh red ‘ah ease that ul aie an 


i 


Concession 


ee 


a ee oe 


Lot 


nA 


eal 


as eseonteicanenas ss 


Minimum and 
Maximum Thiekness 


of Drift (feet) 


ikea 


24% 


15% 


= 


oo 


30% 


m= RR 


Coneession Lot 


a i 
4. 4 
4 7 
4 LO 
4 19 
4 ee 
4. ae) 
4 28 
4 54 
5 4 
5 5 
) 8 
S) A 
5 14 
5 Ee 
5 RO 
Es) ras) 
5 52 
6 5 
6 3 
6 a 
6 Le 
6 15 
6 18 
6 ro S 
6 30 
6 53 


Minimum and 
Maximum Thickness 
of Drift (feet) 


30% 


26% 


Vises 


2A* 


40* 


eee 
> Ae 2 


; 


a 
a4 


4 ee 


‘ 


7 


a 


4 a 


er 


Concession Lot Minimum and Concession Lot Minimum and 
Maximum Thickness Maximum Thickness 
of Drift (feet of Drift (feet) 


a ee 


St see 


7 1 Ca a 9 8 7* . 36% 
7 4 pee. fe) 6 le Ets 

7 7 gms, Bae 9 9 5% — 30% 
7 10 ese 9 dere oF 4% 
7 13 ee 9 a 3x 9 

7 16 20 ier Poe 9 18 ahead 

fi 19 cea’ sami 9 21 4X. 9 

Je 22 4y° = 2 9 24 Fin 55% 
Y 25 pial ited oa 9 27 72 alee 

7 81 coe 2 9 30 ox. 8 

7 54 oe ae 9 36 BS. 2 

: “ani and ws 10 Tenniy tsa? 

8 5 as mike! 10 19 DPA tadieai? 

8 Rage gt Ri eae 10 34 Badia. 

8 11 ? — 40% 

8 14 ? — 24% 

8 17 gx — 27% 

8 20 Betis he 

8 eo #115 - 7 

8 35 24 « 2? 


* to bedrock. 


rt RA im 


Water Supply 

Except for a few localities, Edwardsburgh township appears to 
be fairly well supplied with ground water for both domestic and stock 
purposes. Exclusive of the communities, about 68,9 per cent of the wells 
throughout the township are of the dug type, and 31.1 per cent are drilled, 
chiefly into bedrock. Approximately 74.5 per cent are obtaining their 
water from depths of 40 feet or less, A survey of the well records shows 
that about 86,9 per cent of the wells have a permanent water supply sufficient 
for the present demands made upon thems the remainder constitute dry holes 
and wells that go dry intermittently, especially during periods of extended 
drought. Indescribing the principal beds that yield water to the wells, 
the statements of owners and drillers as to the character of the aquifer 
were necessarily accepted, 

Clay till in the township is not a good source of water, 
Commonly, it constitutes a poor reservoir for ground-water storage as it 
takes up water slowly and holds relatively little. Furthermore, the slow 
circulation generally results in the quality of ground water obtained being 
poor, It is reported that shallow wells, dug 18 to 20 feet in clay till, 
are seldom satisfactory, especially when called upon to water 50 to 65 head 
of stock, The reason is the low permeability of the clay till that causes 
it to yield water slowly to the well, Consequently, a well deriving its 
ground water from it can be easily pumped dry and takes an exceedingly long 
time to refill, To overcome this difficulty, the owner should dig his well 
as deep as possible to form a reservoir large enough to provide sufficient 
water during times when large amounts are being drawn from the well, For 
instance, most wells dug an average of 34 feet in clay till are reported 
to provide a sufficient supply of ground water for 10 head of stock, The 
depth of the wells depends largely upon their topographic location, On 
higher ground, such as on or near the crest of a drumlin where many farm 
buildings are located, the wells should generally be deeper than those 


"4 
located on the lower, surrounding ground moraine, 
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In lots £6 and 27, con. VII, wells dug %o depths of 35 to 52 
feet in clay till are reported to be yielding excellent supplies of ground 
waters 

ma number of shallow wells dug in clay till reportedly encountered 
sand that for a time yielded water in sufficient quantities to satisfy the 
needs of the owner, However, after a period of time had elapsed, many of 
these wells assumed the properties of a well deriving its entire ground 
water supply from clay till, often going dry during the late summer or 
extended periods of drought, and yielding only limited supplies during 
normal times. It is thought that the sand encountered is in small isolated 
lenses of pockets in the till and that these sand beds, not being extensive, 
are drawing their limited supply of ground water from the confining till. 
Consequently, the quantity of water yielded by the sand would be no greater 
than if it were coming directly from the till into the well, 

Ground water under hydrostatic pressure is seldom yielded 
directly by clay till. In most instances, the wells are non-artesian and 
are deriving their water from the zone of saturation below the water-—table, 
Wells in areas where reworked clay till occurs on the surface are more 
satisfactory than in those areas of undisturbed clay till. This is due to 
the greater specific yield of the reworked material, which has had a large 
quantity of its finer particles washed from it. 

Sufficient supplies of ground water, some of which is under 
pressure, is often, but not always, obtained at the contact of clay till 
and bedrock. 

Although many of the kame deposits in the township are reported 
to yield an unsatisfactory supply of ground water, the material appears 
to be sufficiently permeable to yield its water fast enough to satisfy 
a normal pumping well. The water—table in the kame areas is relatively 
low and, consequently, the average depth of dug wells is greater than in 
other parts of the township. In the extreme northeast corner of the 
township, where kame sand directly overlies bedrosk, most shallow wells, 
averaging 18 feet in depth and dug to bedrock, obtain a satisfactory supply 


of water from the zone directly above bedrock, 
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A large number of intermittent wells are reported to occur in 
the kame area in the southwest parts of the township. The kame material 
here is underlain principally by clay till. Because of the loose character 
and excessive permeability of the kame material, it is difficult for the 
average farmer to dig a well far enough below the water-table into the zone 
of saturation to obtain a permanent supply of water. It is considered best 
to dig wells in this type of material during the autumn or during periods 
when precipitation is low and the water-table has dropped to its lowest 
point, Deepening a dug, non-artesian well that is intermittent, in the 
hope of obtaining a permanent supply of ground water, is also best accom 
plished while the water-table is at its lowest point. Drilled wells 
employing well screens appear to be the most satisfactory means of obtaining 
a sufficient supply of ground water from these deposits, 

Outwash sand and gravel does not appear to be an important source 
of water in the township. One well in lot 6, con. IV, was reported to have 
encountered 6 feet of gravel overlying bedrock and buried beneath 60 feet 
of marine clay, The water in this well is under considerable hydrostatic 
pressure and overflows for approximately 8 months of each year, It is 
possible that more of the water derived by wells drilled to bedrock in the 
township may be from a similar source, although such information is not 
recorded in the well data supplied by the owners, 

Although marine clay does not appear on the surface to any 
great extent, it underlies a large part of the areas mantled with Champlain 
sand, end, accordingly, assumes a greater importance toward the ground- 
water conditions in the township than is at first apparent, The problems 
encountered in attempting to obtain safisfactory supplies of ground water 
from marine clay are comparable with those in clay till areas, Marine 
clay is too dense to yield its water content readily and wells dug in this 
material necessarily have to go a considerable distance below the water- 
table in order to provide a reservoir large enough to yield a satisfactory 
supply of water, Most wells dug in marine clay that are reported to be 
unsatisfactory, are so, not because of the lowering of the water-table, but 


because of the poor permeability of the material. For this reason a well 
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might be dug in clay a considerable distance below the water-—table before 
there would be any evidenoe of free water, It is suggested that the only 
method to determine accurately the location of the water-table in clay 
is by making laboratory tests to determine if the material is saturated. 
A well dug in clay would necessarily have to remain in disuse for a 
considerable length of time before the elevation of the surface of the 
free water would approach that of the water—table. 

Although it is a more laborious task to dig a well in heavy, 
marine clay than in sand or gravel, the slow entrance of the water makes 
it easier to penetrate the zone of saturation below the water-table and 
thus create a larger reservoir. In some wells, marine clay was found to 
be sufficiently firm and compact that lining the well with rock or wooden 
cribbing was not necessary. It is doubtful, however, if wells such as 
these would be as satisfactory as those that have been properly lined. 

A number of shallow, intermittent wells, dug in marine clay, 
occur in the vicinity of Wexford, near Windmill Point and again near the 
junctions of Nos. 2 and 16 highways, both located in the extreme southwest 
corner of the township. These wells should be deepened to provide a greater 
reservoir, It was reported that shallow wells dug in marine clay will not 
provide sufficient ground water for 65 head of stock. In lot &9, con. I, 
where a thin layer of marine sand overlies the clay, a well drilled 85 feet 
into the clay was reported to be unsatisfactory whereas at the same timo 
two adjacent, shallow, dug wells were reported to yield fair quantities of 
water, It is considered that the source of most of the water in these latter 
dug wells is the overlying marine sand, and that the casing of the nearby 
drilled well blocks off this water, allowing only a limited supply from the 
clay to enter through the relatively narrow opening in the bottom. In 
concession V, in the area surrounding Pittson, the Champlain sand deposits 
overlying the clay are thin, ranging from 2 to 3 feet in thickness. Dug 
wells in this locality, which range from 18 to 50 feet in depth, are reported 


to be obtaining their water directly from the claye 
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The areas of marine sand yield fair to good supplies of ground - 
water, Marine clay is the predominant material underlying the sand whereas 
smaller areas are underlain by clay till and bedrock, Precipitation 
falling upon sandy areas rapidly sinks in and percolates downward until it 
reaches the more impervious clay or clay till, These materials slow the 
downward movement of the water to such an extent that the sand above becomes 
saturated with water, frequently forming a perched water-table, Many wells 
dug down through the sand to the more impervious material are reported to 
have encountered "springs! in the bottom of the well. This is merely ground 
water seeping rapidly into the well from the saturated sand. It is difficult 
to determine if the water in wells dug through sand into the underlying clay 
is perched or not because the great permeability of the sand permits surface 
water to pass through it and fill the well rapidly to the level of the water 
in the perched water-table,. 

Shallow wells, 10 to 15 feet in depth, dug in areas where the 
Marine sand deposits are exceptionally thick, encounter similar problems 
to those in kame areas, Few wells of this type are satisfactory, especially 
if located on a hill or ridge, where the greatest drop in the water-—table 
occurs sees a period of little precipitation, The most satisfactory wells 
in marine sand are those that are located in the flat sand areas between 
the higher areas of kame sand and glacial till. The water-table in these 
localities does not appear to fluctuate much and most wells can usually be 
depended upon to remain permanent the year round, 

The few alluvial deposits in the township are not an important 
source of ground water, At Ventnor, however, & wells are believed to be 
deriving their water from alluvium and the supply is reported to be satis- 
factory for domestic uses, 

Altogether, some 508 wells in the township have been drilled 
into bedrock, and all are reported to be deriving at least part of their 
ground water from that source. The depths of the wells range from 6 to 
218 feet, with an average of 53 feet. All the waits are reported to be 
deriving their water from the March and Oxford formations with the exception 


Eanetily ithais well, a flowing artesian 160 feet deep, is located in lot 6, 
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cone IV, and is reported to be deriving its water from shale, presumably 
of the Rockcliffe formation. The water from this well has a "mineral! 
taste and an oily scum forms on its surface. It is not considered satis 
factory for domestic use. Another well in lot 25, con, VII, is 218 feet 
deep and is reported to have passed through the Oxford and to have encountered 
either the March formation or the Precambrian, The water rose to approxi- 
mately & feet from surface and is reported to be satisfactory for all 
domestic and farm uses. A well, 120 feet in depth, drilled at the Colonial 
Inn on No. & highway 2 miles east of Prescott is reported to have encountered 
granite underlying the limestone, The water in this well is under considerable 
pressure and rises to within 20 feet of the surface, 

It is difficult to determine if the ground water in wells 
drilled to bedrock is under pressure when the elevation of the surface 
of the water are comparable to those in adjacent, shallow, dug wells. It 
is thought that most water encountered in bedrock is under pressure and, 
acccerdingly, rises some distance in the well, but in some wells this water 
is being supplemented by ground water from the zone of saturation lying 
above the artesian aquifer in the bedrock, This water, which may or may not 
be contaminated, enters at some point immediately below the casing and 
causes the surface of the water in the well to rise to the elevation of 
the water-table in that locality. 

Not all wells that are drilled into bedrock provide sufficient 
quantities of ground water, In the area about Hyndman, in the northeast 
corner of the township, a number of wells drilled into the Oxford forma~ 
tion, one of which penetrated 100 feet of rock, were reported to yield 
insufficient quantities of water. The cheese factory in the same area, 
which has a 60-foot drilled well, reported an excellent supply. This 
suggests that aquifers that will provide sufficient quantities of water 
are present in the bedrock, but that there is an element of chance that 
such an aquifer will be encountered during drilling operations, Water may 
be obtained at almost any depth in bedrock down to the Precambrian, One 
well, in lot 25, con. VII, obtained water that rose to within & feet of 


surface after penetrating 192 feet of rock. 
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Flowing-artesian wells, obtaining their water from bedrock, 
are not common in Edwardsburgh township. The following is a list of such 


wells for which information has been obtained, 


Lot Concession Bein aa Se pee Formation 
Al sms RU 85 70 Oxford 
6 IV 160 red Rockcliffe 
es V 100 89 Oxford 
7 VI 64 ? Oxford 
31 VI : fs Oxford 
a0 VII 52 ub Oxford 


Information obtained from numerous wells drilled to bedrock 
indicates that the surface of bedrock underlying the township consists of 
a series of long, narrow, parallel ridges trending in a general southwest 
direction across the township and separated by wide, deep valleys filled 
with glacial drift. The relief of the bedrock surface is approximately 
195 feet, ranging from 375 feet above sea-level in the vicinity of Groveton 
to a minimum of 100 feet or less as indicated by a 117-foot drilled well in 
lot 8, con, VIII. 

All the flowing artesian wells and a number of excellent non- 
flowing artesian wells appear to be located upon the sides or flanks of 
the buried valleys. It is considered that not all the ground water 
obtained by these wells is derived from bedrock. Surface water percolating 
slowly down through the unconsolidated material and encountering bedrock 
would tend to accumulate in the valleys and form a source of ground water 
for any well put down in that area, 

Although no accurate information has been obtained, it is 
thought that the relief of the surface of the Precambrian rocks beneath 
the sedimentary formations underlying the towmship is considerable, 


with numerous, rounded ridges of crystalline rocks interspersed with 
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valleys, in many instances parsly filled with sandstone of the Nepean 
formation, The quantity of ground water that could be obtained from the 
larger of these sandstone beds should be considerable. Unfortunately, 

at present, drilling from surface appears to be the only means of locating 
them. 

The entire surface of Edwardsburgh township asts as the intake 
area for the ground water yielded by both the overburden and the underlying 
bedrock. Some of the ground water derived from the bedrock formations may 
have originated southwest of the township in the areas north of Brockville, 
where the Precambrian rocks, which elsewhere underlie the Palaeozoic 
formations, appear on the surface, This is espeeially true in the south 
part of the township. The slope of the surface of the Precambrian rocks 

is in a general northeast direction, which is reflected by the similar 
low dip of the overlying sedimentary strata. There is no doubt but that 
a large part of the water yielded by several flowing-artesian wells in 
Augusta township, adjacent on the southwest, has its origin in this area, 

Although numerous seepages occur around the edges of swamps 
and along the bases of the larger hills, no springs yielding large amounts 
of water were reported in the township. The seepages were considered to 
be indications of the outcropping of the water-table, which, in some 


localities, is probably perched. 


Community Siippliies 

Ground-water conditicns within the communities of Spencerville 
and Ventnor in the north part of the township, were investigated. Maps 
showing the location of all the wells within the communities for which 
information has been obtained accompany this report. Topographic contours, 
together with the contours of the bedrock surface in the case of Spencerville, 
and water-table contours in the case of Ventnor, are also indicated on 
these maps, Although these latter types of contours are somewhat generalized, 
they are believed to be sufficiently accurate for the purpose for which they 
are being used. Compilation sheets containing pertinent data concerning the 


individual wells in each community are attached at the back of this reports 
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Sommunity of Spencerville. The water supply of the community 


of Spenserville is derived entirely from privately owned wells. Informa— 
tion has been compiled on 53 wells in the community; all of which, with 

one exception, are drilled and obtain at least part of their water from 
the underlying Oxford formation, The one exception is located at Willard!s 
Lunch where the well was dug 7 feet to bedrock and then blasted 6 feet into 
the rock, Because most wells are tightly sealed at the surface, it was not 
possible to obtain sufficient information to produce a contour map of the 
water-table, However, a map depicting the contours of bedrock underlying 
the community has been produced. This map is based chiefly upon informa~ 
tion received from the well owners, 

The depths of drilled wells in Spencerville vary from 17 to 
92 feet, with an average of 42 feet. The average depth to bedrock is about 
5 feet, ranging from 0 to 15 feet from surface, The overburden consists 
of marine sand overlying clay till and/or bedrock. Bedrock outcrops in 
the bottom of South Nation River where it flows through the community as 
well as in scattered localities within the community itself. 

The underlying dolomitic limestone appears to be a good source 
of water, The supply of the few wells that were reported as unsatisfactory 
could probably be increased by proper cleaning. The water appears to 
follow open fissures in the joints and bedding planes of bedrock, One 
well, which is approximately 400 feet from South Nation River and whose 
bottom is 9.5 feet below the river, is reported on good authority to be 
deriving organic material from these aquifers. This would suggest that 
there are large and continuous openings in the bedrock through which water 
will pass with relative ease. From this, it is believed that the allowing 
of numerous cesspools to drain directly into bedrock in the immediate 
vicinity of pumping wells is likely to cause pollution of the well waters 
and endanger the health of the well users, Some communal system of carry-— 
ing away waste material should be considered. On examination of the 
accompanying contour map of the bedrock surface, the area immediately to 
the east of the community would appear to be the most satisfactory locality 


for waste disposal if a public sewage system were to be constructed. 
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Community of Ventnor This community is solely dependent 
upon privately owned wells for its domestic water supply. Altogether, 
there are 2 wells in the community, of which 7 are dug and are deriving 
their water from clay till or from alluvium along the flood plain of 
Nation River, The remaining 15 wells are drilled and are reported to be 
obtaining their water from the underlying Oxford formation, The average 
depth of the drilled wells is 4e feet and that of the dug wells is about 
15 feet, Clay till is the predominant material overlying bedrock, which 
does not outcrop in the community itself but does in the bottom of South 
Nation River. 

As the water levels in most wells are higher than the surface 
of South Nation River, it is doubtful if there is any contamination of the 
wells by sub-surface movement of water from the river through influent 
Seepage. However, during a dry season when the water-—table is at its 
lowest point, the water in the two wells located in the flood plain of the 
South Nation might receive river water. At the time they were measured, 
the elevation of their water surface was 2 feet above that of the river, 
One drilled well (J. Perry), in which the elevation of the water surface 
is about 2 feet above that of the river, is reported to fluctuate with the 
river. This does not necessarily mean that the water in the well is being 
contaminated by river water, but that the river is being fed by exfluent 
seepage from the water-table. Accordingly, when the water—table drops 
both the water in the well and in the river will drop at the same time. It 
would also indicate that there are openings in bedrock sufficiently large 
to permit fairly rapid movement of ground water. 

On the map of Ventnor, which accompanies this report, both 
surface and water-table contours are indicated. To determine the depth 
to water in any one place, it is necessary only to subtract the elevation 


of the nearest water-table contour from that of the nearest surface contour, 
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Analyses of Water Samples 


Twelve samples of well waters from Edwardsburgh township 
were analysed for their mineral content in the laboratory of the Mines 
Branch, Department of Mines and Technical Surveys, Ottawa, The samples 
were taken from wells varying in depth from 13 to 217 feet. The aquifers 
were assumed to be either in drift or in the underlying Oxford formation. 

Except for wells Nos. 5 and 12, where the nitrate content 
appears to be abnormally high, the water from most of the wells listed 
in the table of analyses appears to be suitable for domestic and farm 
needs, It is suggested that bacteriological tests be made of the water 
from these two wells if they continue to be used for domestic purposes. 
Most contamination of well waters results from surface water seeping into 
the well either at the surface or at the bottom of the casing or cribbing. 
This is especially true for wells dug in marine clay. It is thought wells 
such as these whose waters have a strong odour of hydrogen sulphide and a 
"mineral taste should be bacteriologically examined before being used. 

Except for the chloride and sulphate content, there is a 
distinct similarity in the chemical analyses of the waters of the three 
flowing-artesian wells that were sampled. These wells were all reported 
to derive their ground-water supply from the Oxford formation, The water 
from the two flowing-artesian wells located in lot 1, con, III, and lot 6, 
con. IV, contain relatively large amounts of chloride whereas that from a 
flowing well in lot 7, con. VI, contains a large amount of sulphate 
chiefly as the salt of calcium or magnesium. From the analyses, it appears 
that the sulphate, principally in the form of CaSO, » is the most common 
mineral salt contained in the ground water derived from the Oxford forma- 


tion throughout Edwardsburgh township. 
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Amounts of Dissolved Mineral Matter in Well Waters 
Collected in Edwardsburgh Township 
(Parts per million) 


SS Se a rst nneeenesese supirpemcgunesonenengupanea 


Well waters from glacial drift and bedrock 


Constituent (12 samples ) 
Maximum Average Minimum 

Residue on evaporation(105°c) yasve 407 R44 

Calcium 110.9 54.5 58 65 
Magnesium 45,0 28 ol R90 
Sodium 77.0 2845 1.8 
Potassium £60 74 14 
Sulphate 148.8 5665 20,6 
Chloride 98.6 8,8 0.7 
Nitrate 48,17 6.5 O 

Bicarbonate 55S5eL 284.4 CR0eR 
Carbonate te 0.6 0 

Silica (col.) 18.0 10.4 Gell 
Total hardness 594.4 °81.46 199.4 


In answer to the requests of a number of well owners, the 


following method is recommended when it is desired to sterilize a wellt, 


ug 
Well Drilling, Technical Manuel, TM 5-295, United States Government 
Printing Office, Washington, 1946, 


Sec essen intense 
Mix one heaping tablespoonful of chlorinated lime with a little water 

to make a thin paste, being sure to break up all lumps, Then stir this 
paste into 1 quart of water. Allow the mixture to stand a short time, 

Then pour off the clear liquid. The chlorine strength of the solution 

is about 1 per cent, and 1 quart of the liquid is enough to sterilize 


800 imperial gallons of water. 
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Estimate the volume of water in gallons standing in the 
well and for each 800 imperial gallons pour 1 quart of the sterilizing 
solution into the well. No harm is done if too much solution is used, 
and it is better to use too much than too little. Agitate the water 
thoroughly, and let it stand for several hours, preferably over night. 
Then flush the well thoroughly to remove all the sterilizing agent. The 
sides of the well above the surface of the water can be sterilized by 
returning the water to the well during the first part of the flushing. 
Just before completion of the flushing a sample of the water may be taken 
if required, 

To determine the amount of chlorinated lime solution that should 
be added to the well waters, it is necessary to know the diameter of the 
well and the depth of water in the well. With this knowledge, together 
with the information given in the table below, the volume of water present 
in the well can be easily calculated and, accordingly, the correct volume 


of lime solution added, 


Diameter of well Number of imperial 
(feet) gallons per foot depth 


R00 12,6 
ae) 50 6 
540 44.1 
565 59,9 
440 7845 
4.5 99,1 
50 Leeao 


Colereoe 


This investigation warrants the following conclusions: 
1. Ground-water resources in Edwardsburgh township are in good 


supply and are adequate for domestic, stock, and community 


purposese 
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Because of its low permeability, few shallow wells dug in clay 
till areas are satisfactory when called upon to water large 


numbers of stock, 


Wells in the kame areas usually yield good supplies of ground 
water. However, during times of drought, the water-table will 
drop below the bottom of the well and it will become dry. 
Deepening of the well during the period when the water-table is 


at its lowest point is suggested. 


It is possible that a number of wells drilled into bedrock 
actually obtain their water from outwash sand and gravel lying 
directly above bedrock, There is only one authoritative confirma- 


tion of this in the township. 


A large amount of the ground water reported to be yielded by 
marine clay in the township is actually coming from sand overlying 


the clay. 


Except for a few wells that are improperly cased, the quality of 
ground water derived from glacial drift is quite suitable for 


domestic and farm uSé. 


Bedrock appears to be a satisfactory source of ground water. 
In most cases the water is hard and clear with an insufficient 


content of total dissolved solids to render it unsatisfactorye 


Most ground water encountered in the bedrock is under some 
hydrostatic pressure. However, in most cases this pressure is 
not sufficient to force the waters any great distance toward 
surface. The water in many such wells is augmented by water from 


the zone of saturation seeping into the well below the casing. 


Because of the proximity of a number of cesspools to wells in the 
community of gpencerville there is great danger of enough pollution 


to endanger the health of many of the inhabitants. 
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10. The water from any shallow, dug well that emits a strong odour 


of hydrogen sulphide should be bacteriologically analysed. 
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ABBREVIATIONS 


The following is a list of abbreviations used in 
the included water well compilation sheets for the communities 
of Ventnor and Spencerville. 


Type: 
Drl. — drilled 
De - dug 
Depth to Water Surface: 


Me -—- measured 


Aquifer: 
Ale — alluvium 
C ® a e- clay yeauldy 
Oxe — Oxford formation 
Quality: 
Ce —- clear 
Clie = cloudy 
He -~ hard 
I. — irony 
De — soft 
Use: 


De — domestic 
Ne — not used 
De -— stock 
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Because of difficulties involved in reproduction, the 
tables of well records referred to are not included with this 
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INTRO DUCTICN 


The survey of the ground-water rescurces of the Red Deer 
region, Alberta, was resumed during the field season of 1946, 
and much information on these resources was obtained by a com- 
pilation of records of water wells. 


A division has been made in the well records, in so far 
as possible, between the glacial and bedrock water-bearing sands. 
The water records themselves were obtained mostly from the well 
owners, some of whom had acquired the land after the water supply 
had been found, and hence had no personal knowledge of the water- 
bearing beds that had been encountered in their wells. Also, the 
elevations of the wells were taken by aneroid barometer and are, 
consequently, only approximate. In spite of these defects, how- 
ever, it is hoped that the publication of these water records may 
prove of value to the farmers, town authorities, and drillers in 
their efforts to obtain adequate water supplies. 


Publication of Results 


The essential information pertaining to ground-water con- 
ditions is being issued in reports that in Saskatchewan cover 
each municipality, and in Alberte cover each souare block of 
sixteen townships beginning at the 4th meridian and lying between 
the correction lines, The secretary-treasurer of each municipality 
in Saskatchewan and Alberta will be supplied with the information 
covering that municipality. Copies of the reports will also be 
available for study at offices of the Provincial and Federal 

Departments. Further assistance in the interpretation of the 
reports may be obtained by applying to the Chief Geologist, 
Geological Survey, Ottawa, Technical terms used in the report 
are defined in the glossary. 


How to Use the Report 


Anyone desiring information concerning ground water in any 
particular locality will find the available data listed in the 
well records. These should be consulted to see if a supply of 
water is likely to be found in shallow wells sunk in the glacial 
dvyift, or whether a better supply may be obtained at greater depth 
jn the underlying bedrock formations. The wells in glacial drift 
commonly show no regional level, as the sands or gravels in which 
the water occurs are irregularly distributed and of limited extent. 
As the surface of the ground is uneven, the best means of comparing 
water wells is by the elevations of their water-bearing beds. 

For any particular well this elevation is obtained by subtracting 
the figure for the depth of the well to the water-bearing bed from 
that for the surface elevation at the well. For convenience, both 
the elevation of the wells and the elevation of the water-bearing 
bed or beds in each well are given in the well-record tables. 
Where water is obtained from bedrock, the name of the formation 

in which the water-bearing sand occurs is also listed in these 
tables, and this information should be used in conjunction with that 
on bedrock formations, provided in the report, which describes 
these formations and gives their thickness and sequencee Where 

the level of the water-bearing sand is known, its depth at any 
point can easily be calculated by subtracting its elevation, as 
given in the well-records tables, from the elevation of the surface 


at that point. 
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With each report is a map consisting of two figures. 
Figure 1 shows the distribution and type of surface deposits and 
bedrock formation that occur in the area. Figure 2 shows the 
locations of all wells for which records are available, the class 
of well at each location, and the contour lines or lines of equal 
elevation. The elevation at any location can thus be roughly 
judged from the nearest contour line, and the records of the wells 
show at what levels water is apt to be encountered, The depth 
of the well can then be calculated, and some information on the 
character and quantity of water can be obtained from a study 
of the records of surrounding wells. 


GLOSSARY OF TERMS USED 


Alkaline. The term "alkaline" has been applied rather 
loosely to some ground waters that have a peculiar and disagree- 
able taste. In the Prairie Provinces, water that is commonly 
described as alkaline usuahly contains a large amount of sodium 
sulphate and magnesium sulphate, the principal constituents of 
Glauber's salt and Epsom salts respectively. Most of the so= 
called alkaline waters are more correctly termed sulphate waters, 
many of which may be used for stock without ill effect, Water that 
tastes strongly of common salt is described as salty. 


Alluviume. Deposits of earth, clay, silt, sand, gravel, 
and other material on the flood-plains of modern streams and in 
lake beds. 


Aquifer. A porous bed, lens, or pocket in unconsolidated 
deposits or in bedrock that carries water. 


Buried pre-Glacial Stream Channel. A channel carved 
into bedrock by a Stream before the advance of the continental 
ice-sheet, and subsequently either partly or wholly filled in by 
sands, gravels, and boulder clay deposited by the ice-sheet or 
later agencies, 


Bedrock. Bedrock, as here used, refers to partly or 
wholly consolidated deposits of gravel, sand, silt, clay, and 
marl that are older than the glacial drift. 


Coal Seam. The same as a coal bed. A deposit of 
carbonaceous material formed from the remains of plants by partial 
decomposition and burial. 


Contour. A line ona map joining points that have the 
same elevation above sea-level, 


Continental Ice-sheete The great ice-sheet that covered 
most of the Surface of Canada many thousands of years ag06 


Escarpment. A cliff or a relatively steep slope 
separating level or gently sloping areas. 


Flood-plain. A flat part ina river valley ordinarily 
above water but covered by water when the river is in flood, 


Glacial Drift. ‘The loose, unconsolidated surface 
deposits of sand, gravel, and clay, or a mixture of these, that 
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were deposited by the continental ice-sheet. Clay containing 
boulders forms part of the drift and is referred to as glacial 
till or boulder clay, The glacial drift occurs in several 
forms? 


(1) Ground Moraine. A boulder clay or till plain 
(includes areas where the glacial drift is very thin and the 
surface uneven). 


(2) Terminal Moraine or Moraine. A hilly tract of 
country formed by glacial drift that was laid down at the margin 
of the continental ice-sheet during pauses in its retreat, The 
surface is characterized by irregular hills and undrained basins. 


(3) Glacial Outwash. Sand and gravel plains or deltas 
formed by streams that issued from the continental ice-sheet. 


(4) Glacial Lake Deposits, Sand and clay plains 
formed in glacial lakes during the retreat of the ice-sheet. 


Ground Water, Sub-surface water, or water that occurs 
below the surface of the land, 


Hydrostatic Pressure. The pressure that causes water in 
a well to rise above the point at which it is first encountered, 


Impervious or Impermeable. Beds, such as fine clays or 
shale, are considered to be impervious or impermeable when they do 
not permit of the perceptible passage or movement of ground water. 


Pervious or Permeable. Beds are pervious when they 
permit of the perceptible passage or movement of ground water, as 
for example porous sands, gravel, and sandstone. 


Pre-Glacial Land Surface. The surface of the land before 


it was covered by the continental ice-sheet, 


Recent Deposits. Deposits that have been laid down by 
the agencies of water and wind since the disappearance of the 
continental ice-sheet. 


Unconsolidated Deposits. The mantle or covering of 
alluvium and glacial drift consisting of loose sand, gravel, clay 
and boulders that overlieSthe bedrock. 


Water-—table. The upper limit of the part of the ground 
wholly saturated with water, This may be very near the surface 
or many feet below it. 


Wells. Holes sunk into the earth s0 as to reach a 
supply of water. When no water is obtained they are referred to 
as dry holes. Wells in which water is encountered are of three 


classes. 


(1) Wells in which the water is under sufficient pressure 
to flow above the surface of the ground. 


(2) Wells in which the water is under pressure but does 
not rise to the surface, 


(3) Wells in which the water does not rise above the 
water—table. 
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BEDROCK FORMATIONS OF EAST-CENTRAL ALBERTA 


The formations that outcrop in east-central Alberta are of 
Tertiary and Upper Cretaceous age, and consist entirely of relative- 
ly soft shales and sandstones, with some bands of hard sandstone 
and layers of ironstone nodules. The succession, character, and 
estimated thickness of the formations are shown in the following 
table: 


eed 
Age ‘Formation : Character : Thickness 


Feet 


‘ertiary ‘Paskapoo Light grey sandstone, in 

: part carbonaceous; shale; 
small amounts of sili- 
ceous limestone and 
volcanic dust; coal seams. 


SR Ce aa a a  RRN EerURRRIRRRRR RRRINRTSSTee inti 2  T 
‘Edmonton i:Grey to white, bentonitic 
i : gands and sandstones, with 
grey and greenish shales; 
' coal seams prominent in : 1,000 to 
i some areas, as at Drumheller. _ 1,150 


} 
800 = 


i 
‘Bearpaw ‘Dark shales, green sands with 
smooth, black chert pebbles; 
: partky non-marine, with 
i : white bentonic sands, 
| carbonaceous shales, or thin :; 300 to 
| coal seams similar to those | 600 
' 4n Pale Beds: shales at 
certain horizons contain 
lobster-claw nodules and 
i: marine fossils; at other 
: horizons selenite crystals 
| arevabundant. 
) 


Upper ‘Pale and ‘Light grey sands with ben-~ 
Cretaceous: Variegated : tonite; soft, dark grey and 
| Beds / light grey shales with 
i gelenite and ironstone; 600 + 


carbonaceous shales and coal 
seams; abundant selenite 
crystals in certain layers. 


Birch Lake (? ) sae sand and sandstone in 
upper parts; middle part of 
shales and sandy shales, 
thinly laminated; lower part | 100 f 
with grey and yellow weather- 
ing sands; oyster bed common- 
i ly at base. 
a elt ae oa 
Grizzly Bear ‘Mostly dark grey shale of 
i marine origin, with a few 
minor sand horizons; selen- 100 = 
ite crystals and nodules up 
to 6 or 8 inches in 
diameter. 


freeciare sands and sandstones at 
pabotene os top and bottom with in- 

termediate sands and shales; 

mostly non-=marine, but middle | 325 = 
i shale in some areas is marine»: 
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WATER ANALYSES 


Introduction 


The following discussion of water analyses is included to 
assist those who wish to know the effect of various mineral con-= 
stituents in well water, which give the water in some wells 
certain peculiar qualities, 


Discussion of Chemical Determinations 


The dissolved mineral constituents vary with the material 
encountered by the water in its migration to the reservoir bed, 
The mineral salts present are referred to as the total dissolved 
solids, and they represent the residue when the water is com- 
pletely evaporated. This is expressed ouantitatively as "parts 
per million", which refers to the proportion by weight in 
1,000,000 parts of water, A salt when dissolved in water 
separates into two chemical units called "radicals", and these 
are expressed as such in the chemical analyses, In the one grou 
is included the metallic elements of calcium (Ca), magnesium (Mg), 
and sodium (Na), and in the other group are the sulphate (S04), 
chloride (Cl), and carbonate (COz) radicals. 


Mineral Constituents Present 


Calcium (Ca) in the water comes from mineral particles 
present in the surface deposits, the chief source being limestone, 
gypsum, and dolomite, Fossil shells provide a source of calcium, 
af& does also the decomposition of igneous rocks, The common 
compounds of calcium are calcium carbonate (CaCOz) and calcium 
sulphate (CaS04). 


Ma gnesium (Mg) is a common constituent of many igneous 
rocks and, therefore, very prevalent in ground water. Dolomite, 
a carbonate of celcium and magnesium, is also a source of the 
minerale ‘fhe sulphate of magnesium (MgSO ) combines with water 
to form "Epsom salts", and if present in ie amounts imparts 
a bad taste and is detrimental to the health. 


Sodium (Na ) is derived from a number of important rock- 
forming minerals, so that sodivm sulphate and carbonate are very 
common in ground waters. Sodium sulphate (NaoSC4) combines with 
water to form "Glauber's salts", which if present in amounts 
over 1,200 parts per million makes the water unfit for domestic 
use or for irrigation. Sodium carbonate ee or "black _ 
alkeli" waters are mostly soft, the degree of softness depending 
upon the ratio of sodium carbonate to the calcium and magnesium 
saltse Waters containing sodium carbonate in excess of 200 parts 
per million are unsuitable for irrigatione 


Chlorine (Cl) is, with a few exceptions, expressed as 
sodium chloride (NaCl), which is common table salt. When found 
in water in excess of 400 parts per million it renders the water 
unfit for domestic use. 


Iron, when present in more than O,1 parts per million, 


will settle out of the water as a red precipitate on exposure to 
the air. Water that contains not more than 0.5 parts per million 
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is considered the usual upper limit for potable water, but this 
amount is often exceeded. A water that contains considerable 
iron will stain porcelain, enamel were, and clothing that is 
washed in it, but the iron can be .lmost completely removed by 
aeration and filtration of the water, 


Hardness. Hardness is of two kinds, temporary and 
permanent. Temporary hardness is caused by calcium and magnesium 
bicarbonates, which are soluble in water but are precipitated as 
insoluble normal carbonates by boiling, as shown by the scale 
that forms in teakettles, Permanent hardness is caused by the 
presence of calcium and magnesium sulphates, and is not removed 
by boiling. Waters grade from very soft to very hard, and can 
be classified according to the following system-. 


The “Examination of Waters and Water Supplies"; Thresh and 


Béegie, Fourth Ed. 1933, pe. 21. 


A water under 50 degrees (that is, parts per million) 
of hardness may be said to be very soft. 


A water with 50 to 100 degrees of hardness may be said 
to be moderately soft. 


A water with 100 to 150 degrees of hardness may be 
said to be moderately hard. 


A water with more than 20Q and less than 500 degrees 
of hardness may be said to be hard, 


A water with more than 300 degrees of hardness may be 
said to be very hard. 


Hard waters are usually high in calcium carbonate. 
Almost all of the waters from the clacial drift are of this type, 
particularly those not associated with sand and gravel deposits 
that come close to the surfaces 


In soft water the: calcium carbonate has been replaced 
by sodium carbonate, due to natural reagents present in the sands 
and clays. Bentonite and glauconite are two such reagents 
known to be present. Montmorillonite, one of the cley-forming 
minerals, has the same property of softening water, owns to the 
absorbed sodium that is available for chemical reaction. 


@ Piper, AeMe: "Ground Water in Southern Pennsylvannia", Penn, 
Geol. Surv., 4th series. 

If surface water reaches the lower sands by percolating 
through the higher beds it may be highly charged with calcium 
salts before reaching the bedrock formations containing bentonite 
or glauconite, The completeness of the exchange of calcium 
carbonate for sodium carbonate will, therefore, depend upon the 
length of time that the water is in contact with the softening 
reagent, and also upon the amount of this material present. The 
rate of movement of underground water will, consequently, be 
a factor in determining the extent of the reaction. 
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TOWNSHIPS 35 TO 38, RANGES 1 TO 4, 
WEST STH MERIDIAN, ALBERTA 
(Markerville Area) 
Introduction 

The investigation of ground-water resources in Alberta was 
continued during the summer of 1950 by the writer, ably assisted by 
K. F. Pallett. The surficial material was also mapped, and the 
relation of both it and the underlying bedrock to the ground-water 


supply studied. 


Physical Features 


Red Deer River flows through the southern townships of 
the area and three rivers are tributary to it in this section of 
its course. The Little Red Deer enters from the south, Medicine 
River enters from the north, and Raven River joins it from the west, 

As Red Deer River rises in the Rocky Mountains, it has a 
fair volume of water all year, but is particularly high when the 
snow melts in the mountains in June and July. It flows through the 
area in an old valley 100 feet deep, and has a gradient greater than 
10 feet to a mile, It enters the area in a wide, braided channel, 
with large gravel deposits and a wide flood plain, and much of its 
water seeps through the gravel, In the east of the area the current 
is slower, the valley narrower, and the river has lost much of the 
heavy load derived from the mountains. Little Red Deer River has a 
gradient of 15 or 20 feet to a mile and maintains a fairly even 
volume of water all summer. Its valley is steep-walled, and increases 
rapidly in depth from a few feet to 110 feet near where it joins the 
Red Deer. The meandering Medicine River rises locally, It floods in 
spring, but practically disappears during the summer, This river 
differs markedly from the others, as it has only the low gradient of 
about 14 feet to a mile, and during most of the year is slow flowing. 


Its valley appears old, and the land slopes towards the river for 


many miles on either side. Raven River is a small, meandering stream 
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that occupies only a small part of a valley several miles wide and 100 
or 200 feet deep, Its large valley and the considerable amounts of 
alluvium present indicate that a large river, perhaps the Clearwater, 
once flowed in this valley. 

Among the other valleys of importance, one, floored with 
thick alluvium, is occupied by Dickson Creek, Another large one, 
occupied by Tindaston Creek in the lower reaches, extends north to 
Cygnet and Sylvan Lakes. Many other valleys not now used by streams 
are present, mainly in the southwest. Most of these, formed during 
the retreat of the last ice or in interglacial time, trend southeast- 
ward, Gravel is generally present near such valleys. 

| The topography of the area may be divided conveniently into 
three parts, The first is the hilly, rolling area of the northeast 
with its many small valleys and with bedrock shallow, Most of this 
area lies at an clevation between 3,150 and 3,250 feet above sea-level. 
The second division includes the arca along Medicine River and in the 
southeast. The surface of this division is smoother than that of the 
first, as it has undergone stream erosion, followed by deposition of 
fairly flat-lying ground moraine, and later by sediments laid down in 
glacial lakes. This area lics mostly between 5,000 and 3,150 feeb 
above seaxlevel, the highest parts being most remote from Medicine and 
Red Deer Rivers. The third division comprises the land lying west and 
southwest of Medicine Valley, Its northern part is characteristically 
rolling, with hills 10 to 25 feet high, whereas the southern part is 
typically an area of parallel, broad, southeast-trending valleys and 
rough sand dunes. It lies mostly between 3,200 and 3,500 feet 
elevation but rises to 3,700 feet in the southwest. The surficial 
material is thickest in this division. 

The largest lake wholly in the area is Cygnet Lake, but an 
end of Sylvan Lake juts in from the north. No other large lakes are 


present, and the area, except in the west where swamps are common, is 


mostly well drained. 
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. Geology 


The entire area is mantled by various thicknesses of drift 
or alluvium. The bedrock immediately under the drift is Paskapoo 
formation, and the underlying Edmonton formation is too deep, probably 
everywhere more than 500 feet, to affect either topography or water 
supply. The dip of the Paskapoo bed is small and its direction here 
unknown, Bedrock is exposed along much of Red Deer Valley, in the 
valley of the Little Red Deer, and, particularly in the northeast, in 
many road ditches and cuts. 

Paskapoo Formation, This formation was first named by Tyrrell 
from exposures of the lower part of the formation along Blindman River 
near its confluence with the Red Deer. It is composed essentially of 
sandstone and shale deposited in fresh water, and includes some thin 
coal seams and carbonaceous beds, The basal beds are massive, cross~ 
bedded sandstone that weathers buff-yellow, and 150 to 200 feet above 
the base of the formation are a series of lenses of siliceous limestone 
containing fossil gastropods and pelecypods. The upper beds are uneven 
layers of sandstone, commonly uncemented, and shale, that thicken and 
thin repeatedly, In this area the sand is commonly coarse, reflecting 
the nearness of the western mountains, and weathers buff-yellow or 
reddish brown, In several localities the formation seems to contain 
a greater proportion of shale than is general, and coal seams are of 
minor importance. Siliceous limestone beds are important only in the 
west, where they are nearer the surface. 

Surficial Geologye During Pleistocene, or Glacial, time 
great accumulations of ice formed at various centres in northern 
Canada, This ice moved out in all directions from these centres and 
covered large regions with what has been called the continental ice- 
sheet. As the ice advanced, it picked up great quantities of loose 
rock debris that was left when the ice finally melted. This material 


is unconsolidated, and is commonly called glacial drift. 
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The present area was entirely covered by one or more 
continental ice=-sheets during Pleistocene time, and the final retreat 
of the ice left the bedrock buried to various depths by glacial drift. 
Most of the drift consists of boulders and pebbles of various com- 
positions and sizes embedded in a matrix of clay or sandy clay to 
form a more or less impervious mass known as boulder clay or till. 
Irregularly intermingled with this till, and also lying above it, are 
beds, pockets, and lenses of sand and gravel that form the water- 
bearing members or acquifers, 

The till of the area is light brown, reddish brown, or 
grey. It generally contains much clay and is practically impervious 
to water but locally may contain considerable sand, especially in the 
northeast where bedrock is shallow. The few stones present are mostly 
quartzite or sandstone pebbles, originally brought from the west by 
rivers and later redistributed by the ice. Large boulders are rare. 
Igneous and metamorphic stones brought by ice from the northeast, 
although present, are not common, Traces of older till are present 
in the valley of Red Deer River, and also in old, filled valleys, 
where they have been protected from subsequent glacial erosion. This 
older till is of darker colour than the younger, and is more compact 
and sticky. 

Gravel is common in the southwest and along some rivers. 

It consists mostly of material originally brought from the west by 
streams, much of which was transported again by water and ice in 
interglacial and post-glacial times. It is generally coarse, and 
has all degrees of sorting and bedding. 

The surficial material in the area has an average thickness 
of probably 15 to 20 feet. It is thinnest in the northeast, where it 
averages about 5 feet in thickness, and thickest in the west and 
southwest, where in several old river channels it may be more than 


100 feet thick. 
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Ground Moraine. This type of glacial drift is chiefly till 
or boulder clay laid down beneath the ice-sheet, In this area it 
consists of the till described above and, particularly in the west, 
contains a few lenses and pockets of water-lain sand and gravel. It 
commonly has. a gently to strongly rolling surface. Ground moraine, 
chiefly in large patches in the northeast and in the west, covers about 
260 square miles of the area, 

End Moraine, Part of the material carried by the ice-sheet 
was dropped at its front or margin during pauses in the general retreat 
of the melting glacier. It consists of till, silt, sand, and gravel 
gathered during the advance of the ice-sheet. Much of the clay, silt, 
and fine sand was carried away by melt-water from the glacier, and the 
material forming end moraine is commonly coarser than that of ground 
moraine, Much of it consists mainly of gravel, sand, and coarse till, 
characteristically arranged in hummocks and undrained or poorly drained 
hollows, 

Only a few linear ridges of end moraine and some patches in a 
valley in towmmship 35, range 1, occur in this area. Some of the north- 
western part of the area mapped as ground moraine is hummocky and 
contains undrained hollows. It is perhaps low end moraine. 

Clacial-lake beds. During the melting back of the ice-sheet 
many lakes were formed where the normal drainage was temporarily 
blocked by lobes of ice or masses of glacial debris. The sand, silt, 
and clay washed into these lakes was exposed upon the draining or 
lowering of these lakes. Similar, although commonly coarser, material 
was laid down by streams draining these lakes or running out of the 
melting ice, and by recent streams. About 200 square miles of the area, 
mostly in the valley of Medicine River, are covered by such beds, which 


are commonly underlain by ground moraine. 
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Alluvium. Rivers and streams commonly have bordering regions 
in which, during times of flood or through shifting of the river channels, 
gravel, sand, silt, and clay are deposited, Such material is present not 
only along the present rivers, but in the abandoned valleys of rivers 
that have since disappeared. uch of the older alluvium has been 
reworked by ice, and may contain pockets of till or be overlain by 
layers of ground moraine, 

Alluvium is particularly widespread in this area and covers 
80 to 85 square miles, To the west the land is mountainous and the 
streams have a high gradient. In the larkerville area the gradient 
decreases, causing the streams to drop much of their load, 

sand Dunes, In some localities the lake and alluvial sand or 
silt has been reworked by wind action, and commonly formed into sand 
dunes, These dunes are mostly longitudinal ridges, 10 to 40 feet high, 
which trend northwestward. Altogether such deposits cover about 40 


square miles, 


Water Supply 

With the exception of a few small districts to be mentioned 
later, sufficient water for ordinary farm and town use can be obtained 
anywhere in the area. The quality is generally good, and chemical 
analyses of representative samples are given later. 

The average depth of drilled wells in the area is about 105 
feet, being greatest towards the centre of the area and shallowest in 
the north. The water is generally under pressure and, although its 
rise in the wells is extremely variable, it generally rises one-third 
to two-thirds of the distance to the surface. Springs occur along 
some valleys, and several flowing wells are present, particularly in 


the northwest. 
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The average yearly precipitation in the area ranges from 
about 17 to ee inches, being greatest in the southwest and least in the 
northwest and southeast, One-quarter to one-third of the precipitation 
is in the form of snow. The eastern half of the area is generally well 
drained, but has many trees and a moderate run-off. The west is 
commonly poorly drained and heavily wooded, and, consequently, the 
run-off is slow and proportionately small. The alluvium, sand dunes, 
and to a lesser extent the ground moraine, will hold water and allow 
seepage into the bed-rock, whereas the lake clay is nearly impervious 
to water. Humidity is low, the summers are warm, and evaporation is 
often high, However, in most of the area, the water available to soak 
into the ground is many times more than enough to supply all present 
needs and all foreseeable future ones, and any difficulty that is had 
in obtaining sufficient water is due to lack of porous aquifer beds 
rather than to a lack of water to enter them. 

Several dependable sources of surface water are present. The 
chief of these is, of course, the swiftly flowing Red Deer River, but 
Little Red Deer, Medicine, and Raven Rivers are also sources. A number 
of other streams in the southwest can also supply some weter. Sylvan 
and Cygnet Lakes contain good, fresh water, which is now being used for 
cattle. Small, fresh-water ponds are also present, particularly in the 
southwest. 

The alluvium, dune sand, lake sand or silt, and the glacial- 
outwash gravel are the important water-bearing surface materials, and 
they generally yield satisfactory supplies. Some wells are sunk in the 
rolling ground moraine in the western half of the area, but their water 
supply is rarely satisfactory. Of the 150 non-bedrock wells about 75 
draw from glacial drift, 65 from alluvium, and the others chiefly from 
dune sand, These wells are largely in the southwest of the area. The 
supply in many of these shallow wells, into surface material, decreased 


in the dry years of 1949 and 1950, and they largely are being replaced 
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by deeper, commonly drilled wells, into bedrock, The shallow wells 
are largely in recently settled areas, or where streams and sloughs 
offer supplementary supplies for watering stock, or in villages 
where large supplies are unnecessary, ‘Jater found in the drift is 
mostly hard, as it contains much calcium, and it may also contain 
noticeable iron. ‘Water from the alluvium is mostly hard or 
moderately hard, but is soft in several wells. 

Of the 795 wells and springs recorded, about 642 draw from 
bedrock aquifers, in all cases from the Paskapoo formation, About 
140 of these 642 are springs, or dug or bored wells, the rest drilled 
wells. In two of the sixteen townships all the wells recorded tap 
bedrock aquifers, 

The Paskapoo formation generally contains abundant water, 
mostly in lenses of porous sand that yields water rapidly and that 
are more common in some horizons of the formation than in others. 
None of these lenses can be traced far, but in most places they 
overlap and form aquifer zones, Hach of these zones has water with 
distinguishing characteristics, and some of them are traceable for 
fair distances. In a few places, however, sand lenses seem to be 
absent, and the formation is almost entirely clay and shale. 

The water contained in the Paskapoo formation of the area 
varies greatly in quality, but comonly contains much calcium 
carbonate, indeed some of the water is too hard for ordinary washinge 
Of those wells into Paskapoo beds recorded, about 226 yield hard 
water, 154 moderately hard, and about 266 soft, The water of about 
one-third of the wells contains enough iron to taste or to cause 
stains. Ina few instances much iron is present, although rarely so 
mich as to prevent use of the water. 

As the soft water of the area contains much soda, aluminun, 
or magnesium, casing is inadvisable in wells yielding this type of 
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In the well record sheets at the end of the report, and in 
the descriptions of the various townships, the terms poor, insufficient, 
fait sufficient, good, very good, and excellent, are used to describe 
the water supply. Poor or insufficient is used if enough water for 
ordinary farm needs, perhaps 500 gallons a day, cannot be obtained from 
the well, Fair supply is used if there is enough water for such needs, 
and generally more than 1,000 gallons a day, but only obtained by slow 
pumping or by pumping small amounts several times a day. Sufficient 
supply indicates that enough water is available, but that little infor- 
mation could be obtained regarding the amount used. Good supply is used 
if the well does not go dry under ordinary farm demands, and if enough 
water for each day's farm needs with some to spare can be obtained at 
one pumping. Such wells can yield ¢,000 gallons a day and commonly as 
much as 5,000 gallons. Very good supply means that no trouble has ever 
been had in obtaining sufficient water, and that between 7,000 and 
15,000 gallons a day should be available. Excellent supply is used if 
the amount of water available is exceptionally good. 


Township 55, Range 1. 


Red Deer River, which flows eastward 
in a valley about 80 fect deep, forms the northern boundary of this 
township, and Little Red Deer River crossesthe east centre. Several 
small crecks are tributary to these rivers, The surface is flat to 
broadly rolling, and is generally a bedrock surface slightly modified 
by overburden. Tt rises from an elevation of about 2,975 feet at Red 
Deer River to more than 3,200 feet in the southeast, but mostly it lies 
between 3,020 and 3,120 feet. 

Ground moraine covers the bedrock everywhere in the township 
but is rarely exposed as it is commonly overlain by a thin mantle of 
glacial-lake sand or, in the southwest, by wind-deposited sand. Also 
on the east margin of the tormship a north-trending valley contains 
hummocks of end moraine and sortie sand hills, Though the surficial 


material, which is thickest in sand-dune areas and thinnest near 


Little Red Deer River, has an average thickness of only about 15 feet, 
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actual outcrops of bedrock are recorded only from Little Red Deer 
Valley. 

Some of the surface material, chiefly the sand, can supply 
small amounts of hard water, but only 5 of the wells recorded obtain 
their water, a sufficient supply in each case, from this material, As 
the surface material is thin, attempts to obtain much water from it are 
generally inadvisable, and most wells tap bedrock aquifers, which are 
more satisfactory. 

Wells into bedrock are 75 to 254 feet deep, with an average 
depth of 115 to 120 feet, and obtain water from aquifers between 2,840 
and 3,070 feet above sea-level. The upper aquifers are used in the 
high districts lying in the south, and the deeper ones in the low land 
near Red Deer River. About half the wells, mostly those more than 150 
feet deep, yicld soft water, whereas those less than 180 feet deep 
yield hard water that generally contains noticeable to much iron. The 
amount of water is ample, and most drilled wells could supply 5000 
gallons a day. Although in a few wells the water has no pressure, it 
generally rises to within 20 feet of the surface, It will rise to more 
than 3,100 feet above sea-level in the southeast, to about 35,000 feet 
in the northwest, and to about 2,900 feet in the northeast, 

In general, sufficient water for ordinary farm use can be 
obtained anywhere at moderate depth in the bedrock, and large amounts 


are commonly available, 

Township 35, Range «. Red Deer River crosses the northwest 
corner of the township in a valley about 100 feet deep, and the Little 
Red Deer flows northeastward through the centre in a valley that 
increases in depth from a few fect in the south to about 80 feet in 
the north, Except for these valleys, the surface has LICLIC PELEeL 
and is nearly flat to gently rolling. The highest districts, about 
3,120 feet above sea-level, are in the southwest, and the lowest, at 


3,070 feet, in the northeast, but most of the townships is about 3,120 


feet above sea-level. 
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Alluvial plains about half a mile wide border both sides of 
the river channels, These are composed of gravel with minor amounts 
of silt and sand. Sand dunes, up to 15 feet high, form a rough surface 
to 6 square miles of the southeast. This area is thinly inhabited, 
mostly wooded, and contains many sloughs. Ground moraine covers most 
of the remaining area, but in the northeast it is overlain by lake clay 
and silt, and northwest of Red Deer River by lake sand, silt, and clay. 
Northwest of Red Deer River the average thickness of surface material 
is probably about 40 feet and between Red Deer and Little Red Deer 
Rivers about 20 feet. It is thickest in the sande-dune areas of the 
southeast. 

Of the wells examined, 8 draw small amounts of hard water 
from glacial drift, chiefly ground moraine, and 7 from alluvium, 
chiefly the river gravel. The latter yields a fair supply of water, 
mostly hard, that varies considerably from season to season. Generally, 
however, wells into the surface material are not satisfactory. Bedrock 
is a more dependable source of water, and 35 of the wells recorded draw 
from it. 

Most of the bedrock wells are drilled, and are 60 to ex0 feet 
deep, with an average depth of about 115 feet. Those that yield the 
most water tap aquifers between 2,890 and 3,065 feet above sea-level, 
but mostly between 2,985 and 5,065 feet. Practically all yield soft 
or moderately hard water, and generally the lower the aquifer the 
softer the water it contains, The few wells with hard water have an 
insufficient supply gathered mostly from surface seepage, and this 
water contains noticeable to much iron. Although several of the 
drilled wells can yield much water, the supply in general is only fair, 
and that from aquifers at elevations between 2,900 and 2,980 feet and 
those above 3,050 feet is apt to be small. The supply of water south- 


east of Little Red Deer River is commonly good, between Red Deer and 
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Little Red Deer Rivers poor to fair, and northwest of the Red Deer 
generally poor. The bedrock water nearly everywhere is under enough 
pressure to rise in the wells half the distance to the surface; to 
about 3,150 feet above sea-level in the southwest and to 5,000 feet in 
the northeast. 

In general in this towsnip, drilled wells into bedrock 
are advisable, and most of these will obtain adequate amounts of soft 
water at moderate depth, If more water or softer water is required it 
is generally available at greater depth, 

Township 35, Range 5. Red Deer River, which flows eastward 
through the centre of the township in a valley about 100 feet deep, 
drops from about 3,200 feet to 5,100 feet above sea-level in crossing 
the township. Raven River enters it in section 28. The old meanders, 
channels, cut-offs, and flood plains of the Red Deer and the valleys 
of other old streams, which mostly trend northwestward, characterize 
the areas south and west of Red Deer liver and cause a rough and 
irregular surface, whereas north of Red Deer River the surface is 
undulating to rolling. The surface has a drop from about 5,250 feet 
above sea-level in the west to about 5,160 in the southeast, and to 
less than 3,100 feet in the northeast. 

Ground moraine covers the entire area north of Red Deer 
and Raven Rivers, but in the extreme northeast corner it is overlain 
by glacial-lake sand. South of Red Deer River ground moraine covers 
several square miles, but most of the surface material is river 
alluvium, consisting of gravel, sand, silt, and clay, intermingled 
with patches of till and outwash gravel. ‘Jind has duned much of the 
sand, This alternation of alluvium and till continues west of the 
Red Deer, and altogether covers nearly half the township. 

As the surficial material is generally thicker than in any 


of the other towmships, little information on the depth to bedrock is 
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available. It is exposed in the south of sections 2 and 3, and along 
Red Deer River, but elsewhere it is deeply buried, especially where 
old valleys have been filled, Alluvium, including gravels of 
preglacial, interglacial, and post-glacial age is present, along with 
gravel gathered up by ice and later deposited as outwash, Till is 
common, and patches of old till, overlain by younger till and 
alluvium, may be seen in valleys, The alluvium in Raven Valley and 
around Dickson seems to be especially thick, but the lessening 
gradient of the swift-flowing streams from the mountains has aided 
deposition of alluvium everywhere, 

As much sand and gravel is present and as the area has 
only recently been settled, most wells are dug and are shallow. In 
all 33 dug wells and several springs are recorded, most of which 
have sufficient, but commonly hard, water, A few have a large amount 
of water, but the supply in several is insufficient. They average 20 
feet in depth, and mostly tap aquifers in alluvial gravel, except 
near Dickson where aquifers in either alluvium or lake sand are used. 
During the past dry summers (1949 and 1950) the water supply of most 
of these wells decreased, and many are being replaced by deeper, 
drilled or bored wells. lost dug wells near Dickson yield ample 
water, much of which, unfortunately, contains so much iron as to 
pan its use. 

Of all wells recorded 23 tap bedrock aquifers, el draw 
from alluvium, and 7 from glacial drift. The 17 drilled wells 
recorded, 16 of which enter bedrock, all yield ample water. The 
drilled wells are from 45 to 175 feet deep, with an average depth 
of 90 feet, and tap aquifers anywhere between 2,990 and 5,170 feet 
above sea-level. The water is soft in those wells deeper than 90 
feet, but hard in those less than 80 feet deep, 8 of the 9 soft- 
water wells being drilled into pedrock. The hard water generally 


contains noticeable iron, and in some places much of it. The water 
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in the drilled wells has generally enough pressure to rise about 
half way to the surface. 

In general, although shallow, dug wells, especially those 
in alluvium, may yield sufficient water, larger and more dependable 
supplies of better water are available at greater depth, particularly 
from moderately deep wells drilled into bedrock, 

Township 55, Range 4. From an elevation of 3,700 feet above 
sea~level in the west, the surface of this township falls rapidly 
northward and eastward to en elevation of 3,500 feet in the north- 
west, 3,200 feet at Red Deer River in the southeast, and to a low of 
about 3,150 feet at Raven River in the northeast corner. The town- 
ship, which is largely wooded with pine, spruce, poplar, and birch, 
has many rapid, clear streams, and is crossed by several generally 
broad, dry valleys with a southeast trend, The surface is character= 
istically rough, rolling, and hilly. 

The average thickness of the surficial mantle is perhaps 
20 or 30 feet, but as few wells go right through it, the depth of 
bedrock is generally unknown, In this region swiftly flowing streams 
from the west have deposited much gravel in preglacial, interglacial, 
and posteglacial times, some of the earlier of these gravels was 
picked up by the ice and redistributed as outwash gravel or mixed 
with till, As a consequence of these processes, gravel may be found 
both overlying and underlying till and is probably present between 
older and younger till sheets. It shows every variation in size of 
pebbles and degree of sorting. 

Fighteen square miles of ground moraine are shown on the 
map, but much of it is underlain by gravel. About 14 square miles 
are shown as alluvial gravel, sand, and silt, which, however, contains 
pockets of till. Wind has reworked the alluvial sand and silt to form 


an area of sand dunes, some as high as 30 feet, covering 4 square 
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miles, Most of this area, also, is underlain by gravel. Thus, most 
of the township has at least one gravel bed above bedrock, and these 
gravel layers are generally 6 to 14 feet thick. 

As few drilled bedrock wells are present, little is known 
of their value. The 6 recorded are 55 to 155 feet deep, with an 
average depth of 110 feet, and tap aquifers between 3,100 and 3,480 
feet above sea-level. The 2 wells that tap the lower aquifers yield 
soft water, but the others hard, The supply in all 6 is good, Drilled 
bedrock wells should obtain ample water anywhere at rather shallow 
depths. 

There are 21 dug wells and several springs in the township, 
The dug wells average 20 feet in depth and all yield hard or moder- 
ately hard water. In about half,the water contains noticeable to 
much iron. The supply is generally good but is insufficient in a 
few cases. During the dry summers of 1949 and 1950 the supply 
decreased noticeably, and deepening the wells would be beneficial 
in most cases. As local relief is high, the water-table is very 
irregular, It stands at about 3,550 feet above sea-level in wells 
in the southwest, at 3,400 feet in the northeast, at 3,200 feet in 
the southeast, and at 3,150 feet in the northeast, The rise in the 
wells is generally small and commonly negligible, but the water rises 
half way to the surface in rare instances, 

of the 21 nonebedrock wells and springs, 18 obtain water 
from gravele Although use of bedrock aquifers should increase, 
gravel will continue to supply much of the water used, As many 
streams are available for cattle, and the gravel and sand areas are 
poor farmland, the demand for underground water may never be great 


in this township. 
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Township 56, Range 1. Red Deer River flows eastward 
along the southern boundary of the township, but just beyond the 
eastern boundary it swings north. Medicine River flows across the 
southwestern corner of the township in a shallow, broad valley, and 
its tributary, Tindastou Creek, occupies a large valley crossing the 
northwest corner. The surface of the township, which is mostly flat 
to undulating, drops from about 3,100 feet above sea-level in the 
northeast and 3,000 feet in the northwest to 2,940 feet near Medicine 
River in the southwest, and slightly lower in the southeast, 

A thin mantle of glacial-lake clay, silt, and sand covers 
most of the township, but patches of the underlying ground moraine 
project through it in many places, and in the southeast Ceres beds 
have been entirely eroded away, The meander belts of Red Deer and 
Medicine Rivers cover about 4 square miles in the southwest. The 
following is a generalized section through the surface material near 
Medicine River. A thin layer of gravel overlies bedrock, overlain 
by some sand that is in turn overlain by a thick bed of silt and 
clay. Farther from the river the basal gravel is missing and still 
farther the sand also is absent. In the eastern part of the towne 
ship lake clay lies directly on till. 

The average thickness of the surface material is about 15 
feet. It is greatest in the alluvial gravel and silt near the 
junction of Medicine and Red Deer Rivers, and in the thick lake bed 
along Medicine Valley, and is least in the southeast and north. 

The 6 non-bedrock wells recorded are near Medicines River in 
the southwest, and either draw their water from alluvium or from 
gravel and sand below the lake clay. They yield hard water in only 
poor to fair amount, and supplementary sources of water, such as the 
river or springs, are necessary for stock, The thinness and imper- 


meability of the lake clay and till render any attempt to obtain 


water in them useless. 
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Most of the wells, including all soft water ones, enter 
bedrock, but the shallow, dug ones rarely have sufficient water, 
whereas the yield of all the drilled ones, which are 65 to 195 feet 
deep with an average depth of about 110 feet, is sufficient or good. 
in secumons 10, 11, 18, 14, 15, 22, 28, 24, 25, KO, 27, 84, Od, Bq 
or in the northeast where the surface is highest, aquifers between 
2,940 and 3,000 feet above sea-level are used, whereas elsewhere 
aquifers between £,850 and £,920 feet are tapped. About equal 
numbers of wells yield soft, moderately hard, or hard water, and 
the same aquifer may supply soft water in one area and hard in 
another. The hard and moderately hard waters generally contain 
noticeable to much iron. The water in most of the drilled wells 
has enough pressure to rise two-thirds to three-quarters of the 
distance to the surface, that is, to nearly 5,100 feet elevation in 
the northeast and to nearly 3,000 feet in the northwest, to less than 
2,940 feet in the southwest, and to less than e,900 feet-in the 
southeast. 

In general, drilled wells are best, and ample water may be 
obtained at rather shallow depths anywhere in the bedrock. 

Township 36, Range &. Red Deer and Little Red Deer Rivers 
occupy valleys about 80 feet deep. Medicine River flows in a broad, 
shallow valley. The surface of the township, most of which is flat 
to gently rolling, rises from about 2,950 feet above sea-level near 
Medicine and Red Deer Rivers to more than 5,000 feet in the north- 
east, to 2,980 in the north centre, to 3,150 in the northwest and 
west, and to about 3,110 feet in the southwest, Lake beds overlie 
nearly the entire township, forming a black soil and giving a 
characteristically flat surface. Mostly they consist of clay, but 
sand and silt predominate in the southeast. However, large patches | 


of the underlying ground moraine appear where the lake sediments 
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have been removed or were never deposited. As the lake beds are 
commonly thin, and in places only a few inches thick or even missing, 
the surface generally reflects the undulating to rolling topography 
of the underlying ground moraine. Where both ground moraine and lake 
deposits are thin, as in the northwest, broad, gentle, bedrock swells 
control the topography. Alluvial gravel occurs near Red Deer River 
and alluvial silt and sand near Medicine River. In the northeast 
part of the township wind has formed northwest-trending, longitudinal 
sand dunes, mostly 10 to 20 feet high, The surficial material is 
generally 10 to 20 feet thick, but in areas of sand dunes and 
alluvium it is thicker and may be as much as 80 feet thick in the 
southwest, where an old valley has seemingly been filled with 
alluvium. 

Three-quarters of the wells draw water from bedrock, and 
two-thirds are drilled. The non-bedrock wells are largely confined 
to the alluvium area of the southwest, near the alluvium and sand- 
dune districts in the northeast, and in the north where several 
obtain water from near the contact of overburden and bedrock. They 
yield hard or moderately hard water, which in places contains 
noticeable iron. The supply is rarely more than just sufficient and 
is commonly poor, and in several of these wells decreased in the dry 
years of 1948 and 1950. 

The drilled bedrock wells are from 55 to 190 feet deep, 
but mostly between 80 and 120 feet with an average depth of about 
110 feet. They tap aquifers between 2,850 and 3,050 feet above 
sea-level, the lower aquifers being used in the east and the higher 
in the southwest and northwest. About three-quarters of these wells 
yield soft or moderately hard water, and iron is noticeable in the 
water from about only one-fifth, Although the amount of water is 


generally good, in three areas sufficient water is difficult to 
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obtain, The first area, in sections 24 and 25, obtains adequate 
water but with none to spare at about 2,870 feet. The second area 
is in the north of section 21 and in the south of sections 2&8 and 
29, where only fair supplies are obtained from aquifers at about 
2,920 feet, Deeper drilling should improve the supply in this area, 
The third area, which is more complex, is in sections 8, 9, 10, 16, 
17, and 18, with the poorest supply in the east of section 8 and in 
section 16, The cause of the scarcity of water in three areas is 
uncertain, but may be in part that there is a greater proportion of 
clay and shale in the bedrock there than normal, In the third area, 
however, another factor may be the principal cause, Apparently an 
old valley, perhaps a former course of Raven River, crossed the 
southwest part of the township, This valley has been filled with 
alluvium and till, locally as much as 150 feet deep, and into it 
mich of the water in the bedrock nearby may be draining. This 
reduces the likelihood of good supplies of water being obtained 
from the bedrock but means that the lower part of this valley may 

. be a potential source of large supplies of water. In these areas of 
difficult water supply, the likelihood that deep drilling may be 
necessary should be borne in mind, and the well should be located as 
far to the north as possible. 

The water in bedrock aquifers is generally under enough 
pressure to raise it one-half to four-fifths of the distance to the 
surface, and it rises above 3,100 feet elevation in the west centre, 
above 3,050 feet in the northvest and southwest, above 2,950 feet in 
the northeast, and to about 2,950 feet near Red Deer and Medicine 
Rivers. 

In general the surface material is unsatisfactory as a 
source of water, whereas most wells into the Paskapoo formation, 


especially those drilled to depths of 100 feet or so, yield ample 
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water, However, deep drilling is necessary in several areas if large 
supplies are required. 

Township 56, Range 5, The surface of this township rises 
steadily from east to west from an elevation of about 35,110 feet to 
over 3,200 feet, and in places over 3,250 feet above sea-level, Lake 
waters have covered the extreme eastern edge of the township where 
the surface is more or less flat, but as the surface rises to the 
west and there is less modification by the glacial-lake waters, it 
becomes more irregular until near the western border there are broad, 
rolling hills 3 to 10 feet high, An old valley, which now contains 
no stream although it is as much as 50 feet deep, trends southward 
through the centre, and is marked by swamps, peat bogs, and some fine 
gravel, 

Lake beds of clay and silt in the east and sand in the 
southeast cover about 7 square miles, and a few sand dunes, 20 or 
30 feet high, are present in the extreme southwest corner, Rolling 
ground moraine is the surface material elsewhere, The surficial 
material has an average thickness of 15 to 20 feet, but in the south, 
where an old valley has apparently been filled, it is much thicker, 

The supply of water in the ground moraine and lake clay is 
negligible, and in the northern third of the township only one well 
is recorded that derives water from ground moraine. Several wells 
draw water, which is mostly hard and may contain noticeable iron, 
from the sai sand near Dickson or from gravel in the valley in the 
centre of the township, but the supply is rarely good, and in more 
than half the wells is insufficient for local farm needs, The 
alluvium in the old, filled valley in the south may hold much water, 
and one soft-water well in the northeast of section 16 probably draws 
from it. Other wells in southwost section 15, southeast section 15, 


and northeast section 17 probably also draw water from this buried 


valley. 
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The drilled bedrock wells are from 60 to 275 feet deep, 
with an average depth of 115 feet, and tap aquifers between 2,865 
and 5,150 feet above sea-level, but mostly between 2,980 and 3,110 
feet. Wells in the higher districts in the west generally use the 
upper aquifers. Three-quarters of the wells yield soft water, the 
hard water coming mainly from aquifers above 5,090 feet, and one- 
quarter of the wells yield water with noticeable iron, The supply, 
almost without exception but especially in the lower aquifers, is 
good, However, in northeast section 53, bedrock water is scarce, 
and 6 wells, 130 to 350 feet deep, have been drilled without the 
hoped for results, The cause of this local shortage is unknown, but 
may be due to fewer sand lenses than usual in the bedrock, The water 
in bedrock aquifers generally has enough pressure to rise two-thirds 
to four-fifths of the distance to the surface, and it rises to 
elevations of 3,100 feet in the east, 5,200 feet in the extreme 
northwest, and above 3,150 feet elsewhere. 

In general it is inadvisable to try to obtain water in the 
surface material but rather to go into bedrock, where ample water, 
mostly soft, can usually be obtained at moderate depth, 

Township 36, Range 4, Raven River flows westward through 
the centre of the township, occupying only a small part of a large, 
old valley. Southeastward flowing Stauffer Creek joins it near the 
centre of the township, ae valleys, also with a southeast trend 
but now dry, are present. These produce an irregular surface in much 
of the township, and are commonly marked by swamps, peat bogs, and 
eravel, Outside the valleys the surface is mostly rolling, with 
broad, gentle hills 4 or 5 feet high in the northeast, and as much 
as 30 to 40 fect high in the south. From Raven River in the southe 
east, at about 3,150 feet above sea-level, the surface rises to 


about 3,250 feet in the northeast and 3,275 feet in the northwest. 


vs i Sve oie: ped qt eat “ae | T iail 
cet nt sort eldepsivan #3 i. - 
Hs al cP, a. le pe 


sk exeLbaps sew sowed wis ab vElatooges ted 


OL ie a fal a rh i ae a “i : 

“.ooun0s at *tedew aooxbed ,! oe 

U hes, 2 ah yey hol J q 

y TpMin: a iP Ane pas { Est ra .. : 
dud nee ak ik saonandbecia atdd.:30 eames ad j 
"a : re o bam des ee ane net I 

totew ad? aloothed odg att Lawes mvaclt acanel brtse ‘tower 


“slitacial wait ik ssunelneg agsehes sor elena ea re ee 
of nents OE haw ysnataus oa ot eonatakb af 2b eter? of ; 
“mnetixe eit Gk 400k, 00848 Jo0n at al tae? Oitgt te kmmitaraite 

| ; wexadnesio 100% Gaia, rose tae, Semi 
‘ald cd voter matdo ot at ot atinatvosh ot Gh bee nga 
7 creden olque eipd. «looted dnt og wh toda tod tatendiam costars 

_sAtgab spetoton 29 bentatco od wlteve mao Hak Steen 
dgvotdd bremteow eal? tevil sovsil sb gpnafl 8 gidenwy 

" eauatp io Faq Siam 0 no gtkegioen vpn ait 2p widnee 

eid xeon # actkot fooxd ° metus gate Zi inamtesertdund \xeltse Blo 

isioad duamitune a ditty cule cmvoltan redd0. Ce 

dom at vosttve salugorsh ae ooshory oxcul strong dao qyab won tad 

baa waged #499 <aaus sof pains <ioslen sa hig ca Pte ‘ 
tht enbsior vires at somtiue oft: ayattar of obéetu0 «lew | 
Soom on baa tenor oft ag dood 4 29 8 aba oitasa«Be0 Sly 

wituee ot ak tori oval te widuon a ab 452 Yooh 08 of po al 

od seni: sostaim add (Lovel-aoq evods doo? OL, funds $6 teas oe 


deine ws 8 Sh is alone a ‘ i 


ei ae ne niet anata) 


| . . 
hi ey by) sis ig 
| | Pe 


ps: Bee 


Rolling ground moraine covers about 12 square miles of the 
southeast, The rest of the township is covered with alluvial gravel, 
sand, silt, clay, and glacial till, deposited by existing streams in 
flood plains, meander belts, and channels, by glacial streams from 
reworked glacial materials, by preglacial streams cutting their large 
valleys, and by ice mixing up the earlier deposits and adding new 
material. Wind, blowing across areas of alluvium, deposited sand 
over most of the area, and tended to flatten out irregularities in 
the surface, In section 2, however, it formed dunes 40 feet high, 
and in sections 18 and 19 northwest-striking, longitudinal dunes as 
much as 20 or 30 feet high have been formed. The thickness of the 
surficial material is generally unknown, but probably averages more 
than 30 feet. 

As the regions of sand dunes, flood plains, and alluvium 
are poor farmland and are largely wooded with pine and spruce, most 
of the township is thinly populated, and information on water supply 
consequently scanty. About half the wells are dug and half drilled, 
and most enter bedrock. The proportion of drilled wells may be 
expected to increase, as they are easier to maintain and yield better 
water in more satisfactory amounts. 

The few non-bedrock wolls recorded are chiefly in dune 
sand or alluvium. They tend to silt up and yield poor to fair 
supplies of hard water, that is commonly of poor quality and may 
contain noticeable iron. Bedrock wells, and especially those . 
drilled, are generally more satisfactory. At present they are used 
in only a small district, but all have ample water that is 
characteristically soft or moderately hard and that rarely contains 
noticeable iron, They are 50 to 165 feet deep, with an average 
depth of 110 feet, and tap aquifers between 3,010, and 5,240 feet 


above sea-level, but mostly between 3,040 and 5,200 feet. The 
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upper aquifers are used in the higher areas in the north and north- 
west, The water is generally under enough pressure to rise one-half 
to three-quarters of the distance to the surface, that is, to about 
3,150 feet elevation in the southeast, 5,200 feet in the northeast, 
and to above 5,250 feet in the northwest. Drilled weils anywhere in 
the township should be able to obtain ample water from the bedrock 

Township 37, Range 1. The broad valley of Tindastou Creek 
runs southwest across the centre of the township, dropping from 3,050 
feet above sea-level in the northeast to 3,000 feet in the southwest. 
The land rises to 3,100 or 3,150 feet in the southeast and to 5,230 
feet in section 21 and in the northwest. In the south the surface jis 
gently rolling but in the higher land to the north it is irregular 
and strongly rolling, and is characterized by broad, bedrock hills 
little modified by drift. 

Lake beds, mostly clay that is commonly varved and stony, 
cover about 9 square miles in the southwest. They are, however, thin, 
and patches of the underlying ground moraine are exposed in many 
places. Ground moraine, rarely more than 10 feet and commonly not 
over a few inches thick covers the remainder of the township, 
including all the high land, The composition of the till varies in 
accordance with the nature of the underlying bedrock, it being sandy 
where bedrock is sandy and clayey where bedrock is clayey, and its 
colour is the reddish browm of the Paskapoo sandstone. The thinner 
the drift, the more it resembles the bedrock, Bedrock outcrops in 
many road ditches, but is generally covered by 3 to 10 feet of drift, 
more in areas of lake beds, and by the greatest thickness in the east. 

The 2 wells that do not enter bedrock yield insufficient 
hard water and, as the drift is everywhere thin, practically no 


possibility exists of finding sufficient water in it. 
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Two-thirds of the wells are drilled, and these are 16 to 
550 feet deep, with an average depth of 120 feet. The 350-foot well 
obtains its water at 200 feet. The wells tap aquifers between 2,840 
and 5,140 feet above sea-level, but mostly in the zone 2,955 to 3,110 
feet, and the higher aquifers are used mostly in the northwest. 
Practically all the drilled bedrock wells yield soft or moderately 
hard water, whereas the dug bedrock wells mostly yield moderately 
hard or hard water. Most water from aquifers above 3,010 feet is 
hard or moderately hard, that from lower ones is soft. Iron is rarely 
noticeable in the water. Almost all bedrock wells, whether drilled or 
dug, yield ample water, and if the supply in any well is poor it is 
generally the fault of the well rather than absence of aquifers. The 
rise of the water in the wells is variable, and ranges from practic- 
ally none in the north to three-quarters of the distance to the 
surface in the south. It rises to about 3,000 feet above sea-level 
in the southwest, less than 3,050 near Tindastou Valley, to more than 
3,100 feet in the southeast, and as high as 5,150 feet in parts of 
the northwest. 

In general, bedrock is the only dependable source of water 
supply and yields ample water anywhere. 

Township 37, Range 2. ledicine River flows southeastward, 
with low gradient, a narrow channel, and much meandering, in a 
broad, old valley running through the centre of the township. An 
old channel of this river is present several miles to the east of 
its present one, and the land between the two is low. Most of the 
township is an old lake bed and the surface is mostly flat to un- 
dulating. Long, northwest-trending, dunal ridges, mostly 10 feet 
high but in places as much as 50 feet high, occur near the river, 
and in the steeply rising, high land in the northeast, broad, 


bedrock hills modified by small, rolling drift hills & to 10 feet 
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high are characteristic. Near the river the surface is 2,980 to 
3,000 feet above sea-level, but rises to more than $,050 feet in 
the southwest and to 3,250 feet in the northeast. 

The area of about 4 square miles between the river's 
present and previous channels is covered by sand and fine gravel, 
such as is present near the modern river. Ground moraine, a few 
inches to 7 or 8 feet thick, covers the bedrock in the northeast. 
Glacial-lake sediments cover the remainder of the area, These are 
mostly clay and silt, commonly varved, that contain scattered stones 
that are fewer near the river and more away from it. The lake beds 
are generally thin, but are thicker southwest of the river than 
elsewhere, Scattered patches of the underlying groundmoraine appear 
here and there at the surface, especially east of the river, In 
places near the river, alluvium has been reworked by wind, and sand 
dunes cover an area of nearly 6 square miles. The combined thick- 
ness of ground moraine and lake clay is between 5 and 15 feet, and 
altogether the surface material probably averages about 15 to 20 
feet in thickness, 

Half of the wells recorded are dug and hair dritied, Furee= 
quarters of them tap bedrock aquifers, and half yield soft water. The 
water rarely contains noticeable amounts of iron. The non-bedrock 
wells are in sand-dune areas or in alluvium along Medicine River. 
They require much maintenance and most of them yield hard water. Of 
the 13 such wells noted, 6 had insufficient water, 5 just sufficient, 
and only 2 a large supply. The thinness of the ground moraine 
precludes obtaining water from it, and, as the lake beds have a high 
clay content, they too are useless for water supply. 

The wells drilled into bedrock are 20 to 255 feet deep, 
with an average depth of 105 feet. They tap aquifers between &,750 


and 3,140 feet above sea-level, although few wells use those 
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aquifers between 5,000 and 3,100 feet, or below 2,870 feet, Aquifers 
between 2,970 and 3,000 feet are used mostly by dug wells, largely in 
the south; those above 35,050 feet are used only in the northeast; and 
those lower than 2,900 feet are used in the west, Aquifers below 
2,970 feet yield soft water, whereas half those higher yield hard 
water. Most bedrock wells have a fair to good yield of water, from 
the high land of the northeast water is drained by springs into 
gullies and lower neighbouring areas. Thus the water here has a 
negligible rise in the wells, to not much over 5,150 feet above sea- 
level, Elsewhere it rises to within 20 or 30 feet of the surface, 
and reaches 3,050 feet in the southwest and about 3,000 feet in other 
districts. 

In general, bedrock aquifers everywhere yield sufficient 
water for ordinary farm use, but the unconsolidated material is not 
a reliable source of water, 

Township $7, Range 3. Most of the township has an un- 
dulating surface that reflects a broad, rolling, bedrock topography. 
Tt rises from elevations of about 3,101 feet near Medicine River in 
the northeast and 3,050 feet in the southeast, to 3,100 feet in the 
northwest and 3,250 feet in the southwest. The only stream in the 
township flows eastward across the northern part along a small 
valley, and the southwest, in consequence, is poorly drained, There 
the surface is rolling, with small hills 6 to 10 feet high. 

Brownish ground moraine is exposed over an area of As 
square miles of the southwest, put over most of the rest of the 
township it is covered by a mantle of glacial-lake clay, silt, and 
some sand, The lake sediments are thickest, with the most extensive 
varving in the northeast, but to the west, near the shore of the old 
lake they are thin and contain a moderate number of stones, Low 


sand dunes are the eastern parts of sections 24 and 25, The surface 
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material is thin, especially in the northwest and north, with an 
average thickness of perhaps 15 feet. Because of its thinness, and 
the large amount of clay most of it contains, any attempt to obtain 
water from the surface material is inadvisable, except perhaps the 
sand-dune areas, where small amounts of water may be available. 

All wells recorded tap bedrock aquifers, and about one- 
half yield soft water, one-quarter moderately hard, and one-quarter 
hard water. Iron is rarely present in noticeable amounts, The 
drilled wells are 60 to 400 feet deep, with an average depth of 115 
to 120 feet. They tap aquifers between 2,700 and 3,230 feet above 
sea-level, but mostly between 2,900 and 5,110 feet, and especially 
in the zone 2,980 to 3,050 feet, Ninety per cent of the drilled 
wells, including practically all that tap aquifers below 5,050 feet, 
yield soft water, usually in fair to good supply. The upper aquifers 
are used mostly in the higher parts of the township in the southwest. 
In most of the township those wells with unsatisfactory yields of 
water tap aquifers higher than those supplying neighbouring wells, 
and their yields could be increased with a fair amount of deepening. 
However, most such wells are in the northeast and here the water 
supply problem is different and more difficult. Nevertheless, here 
also deepening the wells should help. 

The water is generally under enough pressure to rise to 
within 20 or 30 feet of the surface, that is, to less than 3,000 
feet above sea-level in the northeast, to about 3,100 feet in the 
northwest, and as high as 5,250 feet near the southwest. 

In general, the only available water is in bedrock, but 


this is mostly soft and in fair to good supply. 


Township 37, Range 4. Local relief is small in this 
Boe es 


township, with the lowest elevations, in the northeast, about 


3,150 feet above sea-level, and the highest, in the northwest, 
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about 3,300, The southern half of the township lies at an elevation 
of about 5,270 feet. Most of the surface is rolling, with broad, 
drift hills 3 to 10 feet high, but higher, dunal hills are present in 
the southwest, and the extreme northeast is comparatively flat. Drain- 
age is generally poor, and swamps, many of which contain peat, are 
common, Several southeast-trending valleys cross the southwest part 
of the township, but these do not now contain streams. 

Ground moraine covers most of the township. Ina small 
area in the northeast, however, patches of thin, clayey lake beds 
overlie it, and in the southwest sand dunes, mostly in northwest- 
trending ridges, are present. Along the extinct stream valleys 
gravel occurs both below and above the till. The surficial material 
has an average thickness of less than 20 feet. 

Most wells are either dug, or dug and later deepened by 
boring, but about one-third are drilled, About half the wells yield 
soft or moderately hard water, and iron is noticeable or in large 
amount in the water from one-third, Three wells, which appear to 
draw water from the zone at the contact between the drift and 
bedrock, have insufficient water, and most of the surface deposits, 
with the possible exception of the dune sand, offer little prospect 
of large supplies. The bedrock, which is generally shallow, is a 
better source of water, and practically all wells tap aquifers in 
ite They use aquifers between 3,070 and 3,270 feet above sea-level, 
but mostly in the zone between 3,100 and 3,270 feet. The lower 
aquifers are used in the low land in the northeast, where are most 
of the drilled wells, whereas the higher aquifers are used in the 
west. The drilled wells are 30 to 180 feet deep, with an average 
depth of about 80 feet, and mostly use the lower aquifers, These 
aquifers yield large amounts of water that is mostly soft or 


moderately hard. About three-quarters of the dug wells yield hard 
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water, About half of them have ample water, and the others just 
enough or else insufficient water. These dug wells mostly tap 
aquifers over 5,200 feet above sea-level. 

The water is under strong pressure, generally rising to 
within 10 or 15 feet of the surface, and several springs and flowing 
wells are present. In the northeast it rises to only 5,150 feet 
above sea-level, but elsewhere to more than 3,250 feet, 

Township $8, Range 1. Cygnet lake and the south end of 
Sylvan Lake lie in a broad valley crossing the east part of the 
township. Broad flats, which are at times or were in the past 
covered by water, border these lakes. Elsewhere the topography 
shows broad bedrock hills and ridges that are slightly modified by 
minor, gentle drift hills a few feet high. Cygnet Lake, which, 
although shallow, is used for watering cattle, is about 3,050 feet 
above sea-level, and Sylvan Lake is slightly higher. The northeast 
part of the township rises to an elevation about 35,130 feet and the 
west centre to 3,250 feet. The centre and northwest lie at an 
elevation of about 3,150 feet, and the southwest at 5,200 feet. 

Lake water covers about 4 square miles of the township. 
Near the lakes, water has reworked ground moraine to form a flat 
or undulating surface covered with patches of sand, silt, and clay, 
of various thicknesses and commonly bedded, The rest of the town- 
ship is covered by a thin mantle of ground moraine, composed of 
sandy till containing a few stones and with the reddish brown 
colour of the Paskapoo formation. Bedrock is, however, exposed at 
several points. The surface material probably averages less than 
10 fect in thickness, although near the lakes its thickness is 
difficult to determine. Even there, however, it is unlikely to be 
great. On the hills and higher areas it is rarely more than a few 


feet thick. Largely because of this thinness, the surficial 
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material is of little importance in water supply, except in the town 
of Sylvan Lake. The wells in that town need only yield very small 
amounts of water for domestic purposes and draw mostly from lake 
sediment. Outside the town only 2 wells are recorded that draw 
water from the surficial material, one a poor supply from lake 
sediment. In both wells the water is hard. 

The drilled bedrock wells, which form 90 per cent of the 
wells recorded, are 30 to 205 feet deep, with an average depth of 
about 90 feet, They tap aquifers lying between 2,870 and 5,225 feet 
above sea-level, About half the wells yield moderately hard water, 
one-fifth hard, and the remainder soft water. Iron is noticeable in 
the water of about one-quarter. About 85 per cent of the wells re- 
corded yield ample water. In a few the supply is just sufficient, 
and in 6 not sufficient for ordinary farm needs, In general, the 
lowest aquifers contain the most, and the softest, water, 

The water rises to near the surface in low areas, but not 
so high in the wells in the high districts of the west and northeast. 
It is, however, everywhere under pressure, and rises to about 2,950 
feet above sea~level near Cygnet Lake, to more than 5,100 feet in the 
northeast and northwest, to about 3,150 feet in the southwest, and 
above 3,200 feet in the west centre. 

In general, most bedrock aquifers, which are the only 
reliable sources of water, yield soft or moderately hard water in 
good supply. 

Township 38, Range &. The shallow, meandering channel of 
Medicine River cuts southwards through the southwest corner of the 
township in a broad valley, which, however, is narrower here than 
farther south, From about 2,980 feet above sea-level near the river 
the land rises fairly steeply castwards, to about 3,170 feet at 


Benalto, and to more than 3,200 feet 2 miles east of Evarts. East 
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of these points the surface levels off and the northeastern two-thirds 
of the township lies between 5,200 and 3,250 feet, 

The surface near the river is more or less smooth, but in 
those districts remote from the river, above 5,200 feet, it is rough, 

hilly, and swampy, and is much dissected by valleys, Bedrock, slightly 
modified by broad, gently rolling, morainal hills 5 to 8 feet high, 
shapes the topography of the higher districts, 

Alluvium and lake sediment, mostly clay and silt but in- 
cluding some sand, covers Medicine Valley, and ground moraine covers 
the remaining area, Altogether, the surficial material probably does 
not average much more than 10 feet in thickness. It is thickest in 
the areas of alluvium and lake sediment but is only 5 to 10 feet thick 
on the slope rising eastwards from the river, 5 feet thick near Benalto, 
2 to 15 feet thick in the central regions, and generally less than 5 
feet thick on the slope towards Sylvan Lake. 

As it is thin, the ground moraine does not yield much water, 
and even the alluvium and lake sediment can give only small, variable 
quantities of hard water from wells that would require much maintenance, 
Probably all the wells recorded tap bedrock aquifers, which are more 
satisfactory and dependable than those in surface material. 

A few dug or bored wells are recorded, and these yield 
sufficient water for farm needs, but do not supply as much water as the 
deeper, drilled wells, Most wells are drilled, and are 30 to 160 feet 
deep, with an average depth of about 95 feet. They tap aquifers 
between 2,850 and 3,250 feet above sea-level, The lowest aquifers are 
used in the low areas of the southeast, those above 3,200 feet are used 
in sections 10, 11, and 15, and mostly those about 3,170 feet are used 
in the northeastern half of the township. The yield is good in all 
put one well, This well, in northeast section 65, taps an aquifer 


that is drained by lower ground in the east, and deepening is 
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advisable, The wells are divided fairly evenly between those that 
contain soft, moderately hard, and hard water, with the lower aquifers 
supplying most of the soft water, The water of one-quarter of the 
wells contains noticeable iron. The water is under some pressure but, 
because many aquifers are drained by low-lying areas nearby, its rise 
in the wells is extremely variable and is generally less than in other 
towmships, It rarely rises more than half way to the surface, but 
springs occur on both the slope towards Sylvan Lake and that towards 
Medicine River, The water does not rise to 3,000 feet in the south- 
west near Medicine River, but rises to 3,150 feet above sea-level in 
the southeast and northeast, and above 3,200 feet in most of the 
remainder of the area. 

Township 38, Range 35. Medicine River flows southward 
across the northeast corner of the towmship. It occupies a shallow, 
meandering channel in a valley that, although several miles wide, is 
narrower here than farther south. From the river the land rises 
steeply eastwards from 2,980 feet at the river to more than 43,100 
feet, and in places more than 3,150 fect, above sea-level in the 
northeast. Westward the land rises less abruptly to 3,140 feet in 
the northwest, 3,120 feet in the southwest, and more than 5,200 feet 
in sections 18 and 19, Generally the surface is undulating to gently 
rolling, and the main features of the relief are controlled by bedrock. 

Alluvium is present beside the river, but elsewhere a thin 
mantle of ground moraine overlies bedrock, Much of this ground moraine 
is in turn overlain by patches of lake sediment mostly composed of clay 
or silt, commonly varved, which modify and smooth out its rolling 
surface, It is noteworthy that in parts of the southwest till over- 
lies the lake beds. 

The surficial material has an average thickness of probably 


little more than 15 feet. It is thickest in the north, near Medicine 
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River in the northeast, and in what is probably a filled river valley 
in sections ee and 27. In the centre and south it ranges from a few 
inches to about 20 feet thick, but mostly around 10 feet. 

Two drilled wells, in southwest section e7 and northwest 
section 22, seem to obtain their water from drift and alluvium in an 
old, buried river channel, and & other wells probably draw from 
ground moraine, These 4 wells yield ample, hard water. Although 
some water may be obtained from alluvium near Medicine River, or 
from silty and sandy lake beds, bedrock aquifers are better and, 
indeed, the thinness of the surficial material commonly leaves no 
alternative» 

Practically all the wells are drilled, are 55 to 165 feet 
deep, with an average depth of 100 feet, and tap aquifers between 
2,830 and 3,140 feet above sea-level, but mostly scattered through 
the zone 2,900 to 3,120 feet. The lowest aquifers are used in the 
low land of the southeast and, to a lesser extent, in the northeast. 
In general, section 1 uses aquifers below 2,900 feet, the western 
half of the tovmship and section 36 use aquifers above 3,000 feet, 
and sections 18, 19, and parts of 7 and 0, use ones above 3,100 
feet, A few wells yield moderately hard water, the others are about 
equally divided between those yielding soft and hard water, with 
most of the soft water being drawn from below 2,990 feet. The supply 
is generally good, and in the two instances where it is poor, either 
slight deepening is needed or the wells themselves may be poor. The 
water from half the wells contains noticeable to much iron. 

The rise of water in the wells is extremely variable, In 
some wells it reaches the surface, whereas in others it scarcely 
rises at all, It rises to 3,000 feet above sea-level near Medicine 
River and in the southeast part of the towmship, to 3,100 feet in 


the northeast, to above 3,100 in the northwest and southwest, and 
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to 3,150 feet in the west centre. 

Township 38, Range 4. Several small, unimportant streams 
flow to the north and east. Drainage is generally poor in this town- 
ship, however, and small ponds, sloughs, and swamps are numerous. 
Some of the swamps contain peat. The surface of the tovmship, except 
for more or less flat regions in the northeast and southeast, is 
strongly rolling, with hills averaging about 10 feet in height and 
some high points 15 feet or occasionally over 20 feet high. The land 
rises steadily westward from about 3,100 feet above sea-level in 
places in the northeast and southeast and 3,150 in the east centre, 
to nearly 3,200 feet in the northwest and 3,500 feet in the south= 
west. Bedrock controls the steady, westward rise, but most relief 
features are formed by drift. 

Ground moraine, which is in places almost alow end moraine, 
covers most of the township, but patchy lake clay covers about 4 
square miles of the more level regions in the east. The surficial 
material probably has an average thickness of less than 20 feet. 

Seven of the wells recorded yield hard or moderately hard 
water from ground moraine, which commonly seeps into the well from 
nearby swamps. Of these wells 2 have insufficient water, 2 just 
sufficient, and 3 ample water for ordinary farm needs. The water 
supply in shallow wells decreased during the dry summers of 1949 and 
1950, Many of these wells have now been replaced by drilled wells, 
and others have been deepened by digging or by boring with augerse 
Generally wells in the drift are unsatisfactory and most wells in 
the township tap bedrock aquifers. About three-quarters of the 
wells, including some originally dug and later deepened, are drilled 
or put down by auger. Most bedrock wells yield sufficient water. 

The drilled and augered wells are 25 to 200 feet deep, with an 


average depth of about 80 feet, and tap aquifers between 2,970 and 
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5,200 feet above sea-level, but mostly between 5,060 and 3,250 feet, 
im sectaons 7, S, 9,17; 185 and parts of /4,.5,.6, 6, and.19, 
aquifers above 5,200 feet can be used, but in the extreme northeast, 
and in part of section 5 and parts of sections 1, le, and 15, wells 
have to go below 3,100 feet above sea-level. In the southwestern 
half of the township aquifers above 3,150 feet can generally be used. 
Practically all bedrock wells have ample water, and the only 
one with insufficient supply is a shallow, dug well from which little 
water could be expected. There are, however, a few wells with only a 
fair supply and this could be improved by deepening. One-quarter of 
the wells yield soft water, and the remainder are equally divided 
between those yielding hard and those yielding moderately hard water. 
The water from lower aquifers is no softer than that from higher ones, 
and the same aquifer may yield soft water in one place and hard in 
another. Iron is noticeable in the water from about half the wells. 
The water is under strong pressure. It always has some rise in the 
wells, and in about two-thirds of them rises to within 20 feet of the 
surface. Only 9 springs and flowing wells are recorded, but others 
are present. The water rises to less than 3,150 fcet in the north- 
east and southeast, about 3,175 feet in the northwest, and to more 


than 3,250 feet above sea-level in the southwest. 
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List of abbreviations used in the well compilation sheets 
for the communitics of Mariatown and Williamsburg seccesssce 


Gompilation of wells for the communities of Mariatown 
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Map 1 -— Community of Mariatown; figure showing topographic 
contours and location Of WellS ssecererececeserocees 
Map 2 -— Community of ‘itliamsburg; figure showing topographic 
contours, water-table contours, and location of 
wells PAT an hoe MM He Ne TE BI oe Pt a SM TS TIS 
Map 3 - Williamsburgh township, Dundas county, Ontario: 


Figure 1, Map showing surface doposits; 
Ficure 2. lap showing topography, location and type 
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INTRODUCTION 


This report deals with the ground-water conditions of a 
township in the province of Ontario investigated by the Geological 
Survey of Canadae It is one of a series of ground-water reports 
on individual townships of Ontario, 

All available information pertaining to the water wolls 
in the area was recorded and water samples were taken for aratyetes 
The elevation of the surface of the water in most of the wells was 
measured. As the ground-water conditions are directly related to 
the geology, the surface deposits were also studied and mapped, 

Thanks are here extended to the comers and te the poetacees 
of communities throughout the area for their co-operation and willing- 
ness to supply information regarding their wells, Valuable assistance 
was also given by well drillers and municipal waterworks authorities 
in the areas 

Publication of Results 

The essential information pertaining to ground-water 
conditiens is being issued in reports covering each township 
investigated in the province of Ontario. These reports, as published, 
will be supplied directly to the proper municinal and township 
euthoritiese In addition, pertinent data on wells investigated in 
each township will be kept on file at Ottawa. The well record 
compilation sheets will not ordinarily accompany the reperts, as, 
for most areas, they are too numerous. However, persons interested 
in individual wells may receive the information upon application 
to the Chief Geologist, Geological Survey of Canada, Ottawa. For 
this information the request should specify lot, concession, owner's 
name, and approximate location of the well -= at house, at barn, in 
pasture, etCe 

With each report is a map consisting of two figures. 


Figure 1 shows the surface deposits that will be encountered in the 


ipttey eore 


3 “ost alin ataee anh : 


; 
- 

eu 
Py fii 
aa he nad 
mt ny 1 ea i me 

fo hi) Hit Dem te Sed os hae ) ‘i ‘ ~4 ; Poke } he A wes wiry Tree WN 

hy Seed vate Pay Nek ty oe aiken a awe Bei ran ie pipe neh “sent et 

i ma A yt ae rf j ‘ psy f 1 Aa y we inne a Ad iy aia 
cel ated ei “\) i : N Pe f or Dy i , Pin ihe ed 
ee he i , ‘ , ’ : ; i ; + Lie . Pa: , 
i : , nid is * 


; eae i atin sors tt a: seit hostage “6 beh Hes Pacha 
a a co dietngeoonat At a ‘aa toe p09 18 a mn Spa 


Lhe ei a) 
‘ wo 


a store wiih cinuarte ga ith ah taet oi! itor ttn ane . oe 


ad ate ct seeeiooe. yebiont ne sm A Bo wtoeda nodd adit 
- Bettovoone insiognng es aed Yond gua: haere eee ae 


ee Abin ake diss asi cdl eons ee wine 


Ay Or; a ~ x. era 
in? re Nagt ph ont Hy ON SS ar eee vs 


rr ‘ eS aie «8 ‘i fe 
oe tntaane Rega he My 
o i ¢ 


bs VMS ft ny elt Gh: 


area, and Figure 2 shows the positions of all wells for which records 


are available, together with the class of the well at each location. 
GLOSSARY OF TERMS USED 


Alluvium. Recent deposits of clay, silt, sand, gravel, 
and other material deposited in lake beds and in floodeplains of 
modern streams. 

Aquifer. A porous bed, lens, pocket, or deposit. of 
material that transmits water in sufficient quantity to satisfy 
pumping wells, flowing artesian wells, and springs. 

Bedrock, Bedrock, as here used, refers to the consolidated 
deposits underlying the glacial drift. South of a line he between 
‘Midland, on Georgian Bay, and Kingston, the bedrock Sint ees mainly 
of sedimentary rocks such as limestone, shale, slate, and sandstone; 
north of that line the bedrock consists chiefly of hard, crystalline, 
granitic rocks, 

Contour, A line drawn on a map that setae ana points 
that have the same elevation above mean sea-level. 

Continental Ice-shect, The great, broad ice-sheet that 
covered most of the surface of Canada many thousands of years ago. 

Escarpment. A cliff or relatively steep slope separating 
two level or gently sloping areas, 

Effluent Stream, A stream that receives water from a 
zone of saturation, 

Flood-plain, A flat part in a river valley ordinarily 
above water, but covered with water when the river is in flood. 

Glacial Drift. A general term that includes all the loose, 
unconsolidated materials that were deposited by the continental ice- 
sheet, or by waters associated with it. It includes till, deposits 


of stratified drift, and scattered boulders and rock fragments, 
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Several forms in which glacial drift occurs are as follows: 

(1) End Moraine (Terminel Moraine), A more or less 
discontinuous ridge or series of ridges consisting of glacial drift 
that was laid down by the ice at the margin of a moving ice-shcet. 
fhe surface is characterized by irregular hills and undrained basins, 

(2) Ground Moraine, A widoly distributed iota 
consisting of glacial drift deposited beneath an ice=shect, The 
predominant material is till, which is clay containing stones, Tho 
topography may vary from flat to gently rolling. 

(3) Kame Moraine, Asserted deposits of sandy and gravelly 
stratified drift laid down at or close to the ico margin. The 
topsgraphy is similar to that of an end moraine, . Kame terraces are 
elongated deposits of this type laid down on the slopes of broad, 
flat-bottomed valleys, 

(4) Drumlin. A smooth oval hill that has its long axis 
parallel with the direction of ice movement at that place, It is 
composed mainly of till. 

(5) Esker. An irrogular-crested ridge or series of 
discontinuous ridges of stratified drift deposited by a glacial stream — 
that flowed beneath the continental..ice~sheet or in deep crevasses 
within it. It is composed mainly of sand and gravel, 

(6) Glacio-fluvial Deposits, Silt, sand, and gravel 
outwash deposited by streams resulting from the melting of the ice- 
sheste | | 

(7) Glacio-lacustrine Deposits. Clay, silt, and sand 
deposited a glacial lakes durdue the retreat of the ice-sheet, The 
clay deposits are commonly very distinctly stratified in layers a 
fraction of an inch to one or more feet in thickness; each layer 


is believed-to represent deposition during one summer season and one 


winter seasome 
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(8) Kame, An isolated mound or conical hill composed 
ae stratified sand and gravel deposited in a crack or crevasse 
within the ice or in a depression along the ice front. 

(9) Marine Deposits. Deposits laid down in the sea 
que the submergence that followed the withdrawal of the last 
ice-sheet. Pao cant at chiefly of clay, silt, and sand, and have 
emerged beaches of sand and gravel associated with them. 

(10) Shoreline, A Aco cmeine escarpment that indicates 
the former margin of a glacial lake or 860. It is accompanied by 
scattered deposits of sand and gravel located on former beaches and 
bars. 

Ground Water, Sub-surface water in the zone of saturation 
below the water-table. 

Hydrostatic Pressure. The pressure that causes water in 
a well to rise above the point at which it was first encountered. 

ine uot Stream, A stream that feeds water into a zone 
of saturation. | 

Impervious or Impermeable. Beds such as fine clays or 
‘shale are considered to be impervious or impermeable when they. do_not 
permit the perceptible passage or movement of ground watere 

Pervious or Permeable. Beds are pervious or permeable 
when they permit the perceptible s aecnws or movement of ground water, 
as, for example, porous ae gravel, and eeugeeones | 

Porosity. ‘The porosity of a rock is its property of 


containing interstices or voids. 


The surface of the land as it 


Pre-glacial Land Surface. 
existed before the ice-sheet covered it with drift, 
Recent Deposits. Deposits that have been laid down by 
the agencies of water and wind since the disappearance of the 


Aomtinental ice-sheet; for example, elluriumin-stream-valleyse 
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Unconsolidated Deposits. Tho mantle or covering of loose, 
uncemontod material overlying the bedrock, It consists of Glacial 
or Recent deposits of boulders, gravol, sand, silt, and clay. 

Water-table, The upper limit of the part of the ground 
saturated with water, This may be near the surface or many feet 
below it. Water may be retained above the main water-table by a 
zone of impervious materials; such water is said to be perched and its 
upper limit to be a porched water-table, 

Wells, Holes sunk into the ground so as to obtain a 
supply of water, Whon no watcr is obtained they ore referred to as 
dry holes, Woells yielding water are divided into four classes: 

(1) Flowing Artesian Wells. Wells in which the water is 
under sufficient hydrostatic pressure to flow above the surface of 
the ground at the well. 

(2) Non-flowing Artesian Wells, Wells in which the water 
is undor hydrostatic pressure sufficient to raise it above the level 
of the aquifer, but not above the level of the ground at the well, 

(3) Non-artesian Wells. Wells in which the water does 
not rise above the water-table or the aquifer. 

(4) Intermittent Non=artesian Wells, Wells that are 
gonerally dry for a part of each year. 

Zone of Saturatione The part of the ground, below a 


water-table that is saturated with water. 
' GENERAL DISCUSSION OF GROUND-WATER 


Almost all the water recovered from beneath-the earth's 
surface for both domestic eat Pereaat usos is meteoric water, that 
is, water derived from the atmosphere. Most of this water reaches 
the surface as noes or snow. Part of it is carried off by streams; 


part evaporates either directly from the surface: and from the upper 
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mantle of the soil or indirectly through transpiration of plants; the 
remainder infiltrates into the ground to be added to the ground-wator 
supplios, 
The proportion of the total precipitation that infiltrates 

from the surface into the zone of saturation will depend upon the 
surface topography and the type of soil or surface rock, More water 
will be. absorbed in sandy or gravolly areas, for example, than in 
those covered with clay, Surface run-off will be gromber iim hilly 
areas than in those that are relatively flet. In sandy regions where 
relief is great, the first precipitation is absorbed and run-off 

only commences after continuous heavy rains, Light rains falling 
upon the surface of the earth during the growing season may be wholly 
absorbed by growing plants, The quantity of moisture lost through 
direct evaporation depends largely upon temperature, wind, and 
humidity. ee water in areas overlain by pervious material may 
be recharged by influent streams carrying run-off from areas overlain 
by relatively impervious material. 

Because of the large consumption of ground water in 

settled areas, it may seem surprising that precipitation can furnish 
and penauate supply. However, when it is borne in mind that a layer 
of water 1 inch deep over an ares. of 1 square mile amounts to 
approximately 14,520,000 imperial gallons, and that the annual 
_precipitation in this region, for example, is about 30 inches, it 
will be seen that each year some 435,600,000 imperial gallons of 
water falls on each square mile. Although it would be impossible 

to determine the ennual recharge“of the ground-water supply of the 
area, if it were assumed that only 10 per cent of the total 
precipitation, nomely 43,560,000 gealkons, is contributed to the 

zone a saturation, it will be seen that the onnual recharge for 


the entire area would be a very large volume. The ennual consumption 
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of water in oll areas investigated is not known, but an estimate for 
some restricted areas, based on per capita consumption, shows it to 
be only about one-tenth of the ennual recharge as estimated above. 

In most regions of the world where precipitation is 
effective there is an undorground horizon known as the groundwater 
level or water-table, which is the upper surface of ie zone of 
saturation. The water-table commonly is a subdued replica of the 
surface topography. The weter that enters from the surface inte 
the unconsolidated deposits ond rocks of the earth is drawn down by 
gravity to where it reaches the zone of saturation or comes in 
contact. with a relatively impervious layer. Such a layer may stop 
further downward percolation, resulting in perched water and creating 
a porched water-table. If a water-table is at or near the surface, 
thore will be a lake or swamp; if it is cut by a valley, there will 
be a stream in the valley. The terms influent and effluent are used 
with roference to streoms and their rolation to the water-table, An 
influent stream flows above the water-table and feeds water into the 
zone of saturation; an effluent stream flows at or below the water= 
table and receives water from the zone of saturation, An effluent 
stream may become influent and eventually dry up if the watereteble is 
lowered sufficiently. Tho ground water in the zone of saturation is 
almost constantly on the move percolating towards some point of 
discharge, which may be & spring or a pumping well. 

All aicies and soils are to some degree porous, that is, the 
individual grains or particles of which they are composed are partly 
surrounded by minute interstices or open spaces that form the 


receptacles and conduits of. ground-weters_ In most rocks and soils 


__cheinterstices are cormected and large enough for the water to move— 


from one opening to cnothor.e In some rocks or soils, however, they 


are largely isolated or too small to allow movement of watcr, The 
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porosity of a material varices directly with the size and number of 
its intorsticos, which in turn depend chiefly upon the sizc, shapo, 
arrangement, and degree of assortment of the constituent particles. 
Horizons within the earth's crust of fine-grained rock such as 
shale, limestone or dolomite, or unconsolidated clay or silt, may 
have such small interstices that the contained water will not flow 
readily and wells penetrating them may derive little or no water from 
them. Such horizons are considered impervious. Beds of more 
coarse-grained matcrials such as sand, gravel, or sandstone have 
groater porosity and readily yield their waters to wells, They are 
called water-boaring bods or aquifers, A clean ere vere ae gravel 
is ono of tho best sources of water, This is true whether the water 
is derived from the zone of saturation or from a bed of gravel 
confined above, botween, or below beds of less ce material, 

Consolidated rocks usually considered to be impervious may 
sometimes produce water in relatively good supply from openings 
within them of primary or secondary origin. Those of primary origin, 
original interstices, were created when the rocks came into existence 
as a result of the processes by which they were formed; Cee bedding 
planes, and intergranular spaces. Secondary interstices comprise 
joints and other fracture openings, solution openings, and openings 
produced by several processes of minor importance, such as the work 
of plants and animals, mechanical erosion, and recrystallization; all 
of these involve movement of a type that acted efter the consolidation 
of the rock. The Fae ERartant interstices with respect to water 
supplies are the original intersticos, next to them are the fracturo 
‘and solution openings. 

Tho most common wells and those that in drift-covered areas 
yield the largest aggregate supply of ground water are water-table 


wells, These are wells that derive thoir water from the zone of 


a mi x te y ) | ¥ 3 
Th ie On Se dans C.F ne beter ld 
ae AUN ea ie 
mae. id wint Peery ‘ab at an: ria ke éieos otk 


ru & ors Tp dn. pC 


ts ) “Oe J a Weer 
D mn i oe) ae Ae ue i 
PERNT aes NY "ty ‘xo i Sua} 


7h , 
co wy 
a Y 
wy ' ; 1 
Or 
Pee et 4 
ne - + Ane 
7" ey 4 } hus, 
- ; e 
5 
‘ 
a * : 
res 7 v 
) " 
+ 
‘ 
; s 
x jy ge) ae 
ee ’ 
\ > 
q 
rath 
‘ ‘s * 1 
HB i 
j y 
1 
1 


b clad q) , ds y . ~~ Pa t itt a a » Wee is : ° ee ) fe oa bi ae 3 ? whe : i ; 
Po) AOR mast By erigek up. 4 ef i ae Pupot ek “Ott ety gt bhan a% buen: ca ‘en oto Sate: af ” fe 
ve Cea A re i x y ; a t ae 9 Nh 4 yee Date uth 
Wnty HOE ht oll CN Ee a 
¢ 


hy ty 


1 ipeiane aint io oh Gund ge a LAT | Sa iw elke ocapl Cnlgntee - ei 5 
“¢ ait ’ ‘ % ‘ , , <j ae ; ae ; a %, “ye } “ 


, vi ea } ae | ois 4 i 
thes ian al ; nv . \s SI A oe * f 
: v ier, ae ; Ay Oe Pea AA + eee ae he ie ye ure 
; 
} \ t { s i ; 
2 a "ae : i 
; 4 ie ©, “ary 4 ~ fs 
{ Wee - 
my ea dah » y oe ae he ORG et 2 eo 2A eA, 
Se 
en # 4 
7a i he ; aft pe } ; ‘ 
} v a Nha Teh tenia te u ’ a pone ean oe “a Pee 
Ey Pea eGR 72 nee to | HEN Tiree Ue Lote Pek oa ss pss bits realy } i, 
pin Fe 4 é : 7 F } 4 ar, " ame * a 
f 7” e f ' " 
; ‘ ia nb Li + 
} 5 4; ir i 


ake As, ‘ayy ar, iS UT (DORR AER ORE OX: ah aaa ae “ts Wh wan 


d : ; i 
gy ‘4 ; I ‘ ‘ i ree 
: Minh f % a en Vere | eM, 
N re ; wa Pal se hay eg’, at 453% \ 
aes re PON 1 ' ; , RSet) dg ¥ oe ube | to es Cd Pla 
e ie i ries et y oe 
io Ace fe ¥ Z M 
} \ \ ” i bis hin mM 
tol mee Lae he pth ea Pa Mv x Hg Me . 
- ’ ti: ® 
t ‘ 1 
¥. F ¢ 
r iy A, 2 : 
P] 4 oe + { ‘" epee oy Sad gh ai ~ ts iy ie 
Aa x J ¥ Aap bre ‘,*« - oe] 
. » 
h : \ 
e ’ 
A : 
1 F , mate pi 
aa * , é ’ ’ 4 wy y “« ere } f 
i 4 j 
: : t= 
F | ne nw 
AE ' ary ot Hite i wee! ee ‘ AL 


r yl 
’ é . u * ¥ ri Sp 
ii “ ; he : ay , 
uw yh AU a TG Pay sae POT a 4 G CL foes a ek “sy a writ, sn 
or : ae: é ROO im 7 
i i ‘ é ne) py En, Wat | ; 
| Le : . ft +o it 1 
eee Si! Ryenah Se O52, tal So ? 5 bi mieten reed vat iaathvors eat . 
: iene 


5 


aint ay 1.) 


yi 


fae | 


ve memerey 
- ce « 


saturation, Many shallow wolls become dry during the late summer 
ond winter, or during periods of extreme drought. In most cases 
this is due to the lowering of the water-table below the bottam of 
the woll.e Tho grouping together of a number of water-table wells 
within a limited area will also lower the yield of any one of the 
wells, This is especially truco of watcr-producing formations of low 
Vyermoabitity Whon a well penetrates an aquifer confined by 
impervious beds, water will be forced upward by hydrostatic pressure 
exerted at the point whore the well enters the aquifer, If the 
hydrostatic pressure is great enough to force the water to or 

above the surface, a flowing well is formed. 

Springs are formod where the water-tablc, or some water- 
bearing aquifer, outcrops at the surface of the ground, ‘The water 
emerging from water-table springs is free-running water flowing 
down the gradient of the water-table. In many cases those springs 
occur as slow seeps along the steeper slopes of stream valleys, A 
large number in one arca could maintain a swamp, A group of 
permanent springs occurring in one area could provide sufficient 


water to maintain a lake or form the source of a stream, 
GENERAL DISCUSSION OF GROUND-WATER ANALYSIS 


The mineral somtent of ground water is of interest to many 
besides those iridustrics seeking water of specific quality, Both the 
"Kind and quantity of mineral matter dissolved in natural water depend 
upon the texture and chemical composition of the rocks with which the 
eee has been in contact. Pollution is caused by contact with 
corganic matter or its decomposition products, Anelyses of well waters 
oe mineral content are made by the Ifines Branch, Department of Mines 
and Technical Surveys, Ottawa. 

In ae given area, an attempt is made to secure samples ar 


water ropresentativo of all major aquifors. The quantities of the 
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various constituents for which tests aro made aro given as "parts 
por million", which refers to the proportion by woight of oach 
constituent in 1,000,000 parts of wator, 

The following mineral constituents are those commonly 
found in natural wators in quontities sufficiont to have a 
practical effect on the value of the waters for ordinary uses; 

Silica (Si0, ) may be derived from tho solution of almost 
any rock~forming silicate, although its chief source is theo feldspars. 
It is commonly dotermined in the analysis of water for use in steam 
boilers, as silica is classed as an objectionable encrustant. 

Calcium (Ca), The chief source of calcium dissolved - 
ground water is the poteri on of limestone, gypsum, and dolomite. The 
common compounds of calcium are calcium carbonate (Caco, ) and calcium 
sulphate (CaSO,), neither of which has injurious effects upon the 
consumer, but both of which cause hardness and, the former, boiler 
scales 

ieee (Mg). The chief source of magnesium in ground 
water is dolomite, a carbonate of calcium and magnesium, The sulphate 
of magnesium (MgSO, ) combines with water to form Epsomsalts .(MgS04.7H20), 
and renders the water unwholesome if present in large amounts. 

Sodium (Na) is found in all natural waters in various 
combinations, though its salts constitute only a small-part of the 
total dissolved mineral matter in most waters in humid repions. Sodiun 
salts may be present as a result of pollution by sewage, or of 
' contamination by soa water either directly or by that enclosed in 
sediments of marine origine Moderate quantities of these salts have 
little effect upon the suitability of a water for ordinary uses, but 
water containing sodium in excess of about 100 parts per million must 
be used with care in steam boilers to prevent foaming. Waters 
containing large quantities of sodium salts are injurious to crops 


and are, thereforo, unfit. for irrigation. The quantity of sodium salts 
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may be so large as to render oa woter unfit for nearly all uses. 

Potassium (K), like sodium, is derived originally from 
the alkaline feldspars and micas, It is of minor significance and 
is sometimes. included with sodium in a chomical analysise 

Iron (Fe) is almost invariably present in well waters, 
but rarely in large amounts. Salts, or compounds, of iron are 
dissolved from many rocks as woll as from iron sulphide deposits 
with which the ground water comes in contact. It may also be 
dissolved from well casings, wator pipes, and other fixtures in 
quantities large enough to be objectionable. Upon exposure of the 
water to the atmosphere, dissolved iron separates as the hydrated 
oxide that imparts a yellowish brown discoloration. Execssive iron 
in water causes staining on porcelain or enamelled ware on‘ renders 
the water unsuitable for laundry purposes. Water is not considered 
drinkable if the iron content is more than 0.5 parts per millione 

Sulphates (S04) Deposits of gypsum (CaS0462H20) are the 
principal source of sulphates dissolved in ground water; soluble 
sulphates, chiefly of magnesium and sodium, are other sourceSs 
Sulphates cause permanent hardness in water and form injurious boiler 
scale. Sodium and magnesium sulphates are laxative when present in 
quantities of more than 900 parts per million. 

Chloride (Cl) is derived chiefly from organic materials or 
from marine rocks and sedimentse It occurs usually as sodium chloride 
and less commonly as calcium chloride and magnesium chloride, Sodium 
chloride ted characteristic constituent of sewage and a locally 
abnormal amount suggests pollution. However, because chlorires may 
be derived from many sources, such abnormal quantities should not, 
jn themselves, be taken as positive proof of pollution, Chlorides 
impart a salty taste to water if they are present in excess of 500 
parts per million. 

Nitrates (NOz) are of minor importance in the study of 


ground water. Relatively large quantities in a water may represent 


“ed epta st at et a 2 
Day sade becrishe Bk noi aig 
oe | a6 tisha.) via dats 
_bereabed een waives nett is 
‘ters agi, bali se btef gai anid intel a 
ans ‘yt Pings Pp ets ii a do geatevred ied 
frervoits basin des Hf il ener cat 
ee. tai ‘Bate: a baat Casale seusies Sf 
| Otay at wie ae, /Senenoas sodden < we 
a ae eet, saith res, nbs ion 0: hh 
sepia ‘anap | 
tahoe seit eek eats stalin n iy uh sinh delat Ama Aah Pi sivas ig He 
See et jetties wee in oe as wen on no esata ws Mey 
ee okey obig 9 Jena. eetdiita A . 
at icadie st bse “bh ‘et injes arysong ra 
he penn oa -eabigie, ba ity 
. oetaen cae on sila bd #4 
ta, febtaits co 


toi eae es ite ae tte a 


pollution by sowage, or drainage from barnyards, or even from 
fertilizod ficlds, It is recommended that a bacteriological test 
be made of water showing an appreciable nitrate content if it is to 
be used for domestic purposes, 

Carbonate (COz) forms a large percentage of tho solid 
compounds held in solution by the average grounc water. The two 
chief sources are the decomposition of feldspars and the solution 
of limestone by water carrying carbonic acid in solution, which 
is tho primary agent in rock decomposition, Thoy are indicated 
in the table of analyses as alkalinity. Calcium and magnesium 
carbonates cause hardness in water, whereas sodium carbonate causes 
softness, 

Bicarbonate (HCOz3),- Carbon dioxide dissolved in water 
rondors the insoluble calcium and magnesium curbonates soluble as 
bicarbonates. Boiling reverses the process by changing the bicarbonates 
into dnsoluble carbonates, which form a coating on the sidos of 
cooking utensils. 

Total Dissolved Solids (ocvdne: on Evaporation), The term 
is applied to the residue obtained when a sample of water is evaporated 
to dryness, Waters are considered high in dissolved mineral solids 
when they contajn more than 500 parts per million, but may be accepted 
for domestic tee up to that point if no better supply is available. 
Residents, accustomed to the waters, may use waters that carry well 
over 1,000 parts per million of teen dissolved solids without 
inconvenience, although persons not used to such highly mineralized 
waters would pene yen objectionable, 

Hardness is a condition imparted to waters chiefly by 
dissolved calcium and magnesium compounds. It here refers to the 


soap-dastroying power of water, that is, the power of the water 
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first to usc a certain amount of soap to precipitate the above 
compoun s before a lathor is procuced, Tho hardness of water in 
its original state is its total hardness, Permanent hardness remains 
after tho water hus been boiled, ani is caused by mineral salts that 
cannot be romoved from solution by boiling, It can be roduced by 
trouting the wator with whee gt softeners, such as ammonia or sodium 
' 
carbonate, or with many manufactured softeners, Tomporary hardness > 
can be eliminated by boiling, and is due to the presence of 
bicarbonates of calcium and magnesium, Waters containing larger 
poms nes of sodium carbonate than of calcium and magnesium compounds 
are soft, but if the latter compounds are more abundant the water is 


1 


hard. The following table~ may be used to indicate the degree of 


hardness of a water: 


Total Hardness 


Parts per million Character 


O=50 shade one ae 0 uot sabe ane etic velele anny (ene 
DO=TOO “Sa ncace foe cetestsceanarves@eewse] SOCClOUGl  aume 
100-150 Cosceeeeeeeaeoeresreceeeoearesee oar ene Slightly hard 
150-200 Reese ee Hee TS FFOCHOHTH HLA SE HH ER ETOS Moderately hard 
200-500 @@eeaeeeevoseooeeeeanpeeeteceoseeaneeeaeeeeaen Hard 
300 and over See rseeersereseeeseesoaneerese Very hard 


“2 i ATE oe 
Thresh, J. C., and Beale, J, Fe; The Examination of Waters and 
Water Supplies, pe. 21, London, 1925, 
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WILL IAMSBURGH TOWNSHIP, DUNDAS COUNTY, ONTARIO 


PHYSICAL FEATURES 


Williamsburgh township is in the southeast part of Dundas 
county and has an area of approximatoly 99 square miles. The bee 
ship extends along the northwest sido of the St. Lawrence River from 
a point 12 miles west of the town of Morrisburg to 74 miles east of 
the same municipality, The town of Morrisburg, the largest community 
within the township, lies about 105 miles west of the city of Montreal. 

The topography of the greater part of Williamsburgh {kn 
Ship is that of ground moraine, It is rolling or undulating with no 
main topographic features, An areca of i io marine sand and 
clay extends south from the north boundary immediately cast of 
Winchester Springs, to the arca about tho community of Williamsburg, 
The areal extent of this gee plain, which constitutes tho largest 
"flat" in the entire township, is approximatcly 10 squarc milos. A 
number of Pee clay till ridgos, projecting through tho sand and 
clay, provide the only relief in the arcae The goncral trend of the 


topography varies from north-south to south 10 degreos wost. Bedrock, 
which consists of ft eee 3 Ordovician scodimentary formations, is 
exposed in a few, scattered outcrops in the north part of tho township. 
The depth of overburden is such that excopt in the north part of the 
township, bedrock does not exert any groat influcnee upon the topo- 
graphy. 

A poorly marked divide betweon the basins of the Ottawa 
and St. Lawrence Rivers crosses the contre of the township in a 
southwesterly direction. ‘The divide crosses Highway 19 about 1¢ 
miles south of the community of VJilliamsburg and intersects the cast 
boundary of the township in concession VI. 

Both sides of the divide are drained by numerous, small 
ereeks whose directions of flow are controlled to a great oxtont by 
the trend of the topography, The crocks, south of the divide, empty 


directly into the St. Lawrence River whereas those on the north flow 
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into South Nation River and thence to the Ottawa. Hoasic Creek, 
possibly the largest in the township, emptics into the St. Lawrence 
River 1 mile cast of the town of Morrisburg, Tho fact that swamp 
deposits cover 25 per cent of the township is an indication that the 
surface drainage is relatively poor, 

The township as a whole has a relicf of moro than 75 feot. 
It ranges from altitudes greatcr than 300 foot above souejease in 
several localities in the northeast part of tho township to less 
than 225 feet at the St. Lawrence River in the southeast corner, 


Graphs have been prepared depicting tho monthly precip- 
itation from 1947 to the end of 1950, as measured at various Rsee 
ological stations in the area about Matilda township, and the 
fluctuations in the water-tablo as measured at an observation well 
near the town of Morrisburg. Data for the latter wore provided 
through the courtesy of the Ontario Department of Mincs. 

From the graph, it will be noted that, during the months 
when the ground is not frozen, the clevations of the PEPER EN 
depend, to a largo extent, upon the amount of precipitation falling 
upon the area, In general, the lowcst amount of precipitation occurs 
during the months of August and September, and it is during this time 
that the be erspanius shows a steady decline, reaching its lowest 
point commonly in the month of October, 

In the subsequent months, there are periods of considerable 
precipitation. However, because the frozon condition of the ground 


prevents downward percolation of wator and because much of the pro- 
cipitation is in the form of snow, the watcr-tablo remains low during 
the winter months and does not commence to rise until the end of 


February. 


The highest clevation of tho watcr-tablo is reached during 
the months of May and June. This is probably duo to the supplement- 
ing of the normal precipitation with water produced by the melting 


of tho snow and ice accumulated on the surface during the winter 


months. 
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GHOLOGY 


Bedrock Formations 


The township, which is located within the Ottawa-St. Lawrence 
lowland, is underlain by Palaeozoic rocks of Ordovician age. In most 
cases the rocks are flat-lying or gently undulating with no general 


a@irection of strike or dip, 


1 
TABLE OF FORMATIONS 


Period 


Thickness 
(fect) 


Sub-epoch j Formation Lithology 


Trenton and 
Black River] 


Ottawa 


Limestone with 
a little shale 
and some sand 

ie | at base 


[st. iartin | 20—=155 Impure limestone 
Rockcliffe | 150-165 Shale with sand- 


| stone lenses 
Disconformity 


Disc onformity 


Ordovician 


Chazy 


Palacozoic 


Dolomite with a 
little shale at 
top 


Beekmantown 
TInterbedded sand- 
stone and dolomite 


March 


Ordovician 
or 
Cambrian 


Nepean up to 500 | Sandstone 


Great Unconformity 


| Crystalline lime- 
stone, quartzites, 
and metamorphic 
rocks; associated 
granite and 
granite gneiss 


Precambrian Grenville 


(Archean) 


i 


a 


Wilson, \.—.: Geology of the Ottawa-St, Lawrence Lowland, Ontario and 
A 


Quebec; Geol. Surv., Canada, liom. 241, pe 9 (1946). 
TA eee pe 
Williansbureh township is underlain by several formations, of which 


the Ottawa comes to the surface or directly underlies the drift in the 
entire township except for the southenst corner and extreme south part where 


its place is taken by the St. Martin formation. A number of small outcrops 


of the Ottawa formation occur in the northeast part of the township, 
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Unconsolidated Material 


The types of unconsolidated material occurring in the 
township, classified according to thcoir origin and arranged in 
order of their deposition from oldest to youngest, are as follows: 
glacial, marine, and Recent, 

The glacial drift that covers approximatcly 86 per cont 
of the township occurs chicfly as ground moraine, The ground moraine, 
consisting mainly of clay till, is composed largcly of material de- 
rived from the underlying Palacozoic rocks and contains many boulders 
and rock fragments of local origin, Tho unweathered till varices from 
a bluish grey, compact, unstratified clay till to a dark brownish, 
looser, sandy clay till. An cxccollcnt section of clay till occurs 
along the east branch of Hoasic Creek about 1 mile south of the C.N.R. 
tracks, Here the creek has cut a Tee: vertical face in the till 
disclosing boulders of limestone and crystalline rocks up to 12 inches 
in diameter embedded in a claycy matrix, Numerous, artificial ex- 
cavations on the outskirts of the town of Morrisburg have cxposod 
clay till at various depths. Information obtained from numcrous 
woll ownors indicates that the considerable areas of swamp lands in 
the township are underlain by clay till. This is oxccllont evidonce 
of the rolative impermoability of tho till. Thin layers of q7abllal 
reworked by the invading marine wators of the Champlain Sea, and 
thicker deposits of marine sand and gravel occur on the northwest 
flanks and tops of some of tho higher ridges. Thoy are froquently 
associated with accumulations of largo bouldors, 

The invasion and subscquont withdrawal of the Champlain 
Sea, which followed the retreat of the icoe-shoct if the region, 
formed a variety of deposits of marine origin. The largest of these 
is an area of eee ele clay and sand oxtending from Winchester 
Springs south to the community of Williamsburg in the northwost 
part of the township. Smaller areas of the same materials occur 
throughout concessions VII and VIII. An irregular deposit of marine 


clay extends along the northwost bank of the St. Lawrence River from 


the east boundary of the township west to within 1 mile of Morrisburg, 
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Recent beds of fine to coarse sand, formed during carlier 
and higher stages of the St. Lawrence River, extend along the Se 
west bank of the river, in the samc gonoral area as the marine clay. 
The alluvium overlies much of the marine material in the areca and 
is continuous with similar deposits to the cast in adjacent Osnabruk 
township. They are bounded on the north by an irregular, former 
river bluff whose elevation is approximately 248 fect above soles 
A number of dunes, whose matorial was probably derived from tho wea 
luvial sand, occur along tho basc of this bluff, In tho vicinity 
of Riverside and East Williomsburg, ridgos of clay till, projecting 
above the surrounding sand and clay, probably oxistcd as islands 
when the river was at a higher clovation. 


No beds of glacio-fluvial origin arc known to occur in the 
township. In other townships locatod within the ake ot Lawrence 
Lowlands, beds of this type have been found to be located mainly in 
valleys between the higher clay till ridges and buricd beneath a 
covering of marine sand, silt, and clay, The most likely location 


for glacio~fluvial material in Matilda township appears to bo 
beneath the marine clay and sand occurring in tho Williamsburg- 
Winchester Springs area. 

Variations in the thickness of tho drift throughout the 
township were determined in many localities from the data compiled 
from a number of wells that were reported to have cneountered bedrock. 


The following table indicates the minimun and maximum thicknesses of 


adrift in some of these localitios. 


1 Minimum and maxinum Minimum and maximum. 
Concession] Lot] thicknesses of drift Coneession| Lot | thicknesses of drift 
(foct) (fect) 
I (eee 50-9 e: 19 15-50 
I | 4 15-99 I 22 13-30 
I | v] 11-38 I 25 16-78" 
5 10 170? J. 28 12-? 
I 13 22-49 I 31 14-9? 
+ 16 on I 34 14-70" 
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WATER SUPPLY 

As a whole, Williamsburgh township appears to be fairly well 
supplicd with ground water for both domestic and stock purposes. About 
82.7 per cent of the wells aro of the dug typo and 23.9 por cont are 
drilled, chiefly into bedrock, Approxinatcly 86.5 per cont of the 
wells obtain thoir water from depths of 40 foct or less. <A survey of 
the well records show that about 89.9 por cont of the wells have a 
permanent water supply, sufficiont for the prescnt demands made upon 
then; and the remainder constitute dry holes and wolls that go dry 
intermittently, especially during periods of extonded drought, The 
description of the principal beds that yicld water to the wolls was 
based chiefly on the statoments of owners and drillers as to the 
character of the aquifer. 

Although the clay till in the township is by far the most 
common material yielding wator to producing wells, it constitutes a 
poor reservoir for ioe hors ed storage as it takos up water slowly 


and holds relatively little, Furthermore, the quality of tho ground 
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water is generally poor because of the slow circulation. Many shallow 
wells, dug in clay till, aro reported to be *intermittontt or "low in 
summer*, The reason for this is the low pormcability of clay till, 
which causes it to yield its wator slowly to wolls, Such wells are, 
consequently, easily pumped dry and take a comparatively long time to 
recover. In late summcor when tho enseneattt is low, tho decreased 
area of matcrial yiclding wator directly to tho woll renders the 
supply even more unsatisfactory. To overcome this difficulty, the 
owner should dig his well sufficicntly deep to form a resorvoir 
holding enough water to permit a largo amount to bo withdrawn before 
emptying the well, 

The avorage dcepth of the difforcnt classes of wolls dug in 
clay till in lots 22 to 37, con. I, which includos the arca about the 
town of Morrisburg, is as follows: sufficiont supply, 30,6 feet; low 
in summer, 26.7 feet; intermittent wells, 14.7 foot; not uscd, 2.4 
fect, Along the road separating cons. I and II, tho average dopth is: 
sufficicnt supply, 36.4 fect; low in surmor, 24,6 foot; internittent 
wells, 19.6 fect; not used, 21.1 foot, 

The water wolls classificd as having "sufficicnt supply" 
are those that are reported to yiold “satisfactory” supplics of 
ground water during the ontire yoer. tIntornittent wells" arc those 
that go dry during some period of tho year, but wolls described as 
‘low in summer" do not go ontircly dry, although the water levol 
recedes to a point during the lato summer to oarly autumn where it 
is not possible to obtain a largo supply of water. Wolls that are 
"not in use are included because it was found that the chiof reason 
for their not being uscd was that thoy could not supply satisfactory 
quantities of water when it was required, 

It will be noted that the figures for the average depths 
range from a maximum for those wolls with "sufficiont supply", to a 
minimum for those with an “intormittent supply". Tho avorage depth 
of wells "not in use’ is usually, but not always, found between those 


’ ; 1, L 
classified as “low in summer" and tintornittont"™, 
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These relationships arc found to bo consistent throughout 
the township. In any one locality, the dopths of the individual 


wells of each of the above mentioned classes depend upon the dopths 


to the water-table and, as the dcpth to the watcr-table varics con- 


siderably across the township, the avorage dopth of the wells varies 


in accordance, 


The comparative figures mentioned abowo indicate the neccs- 
sity of deopening wells in cley till that do not provide sufficiont 
quantities of ground water during the cntire year. ‘“Jclls that are 
intermittent would havo to be deepened more than those classificd as 
"low in summer", It is suggestcd to farmers or other persons planning 
to dig a well in clay till that tho well be dug during the late summer 
or carly autumn when the water-table is normally at its lowest point. 
If a sufficient supply of water can bo obtained at this tino, itds 
reasonable to assume that the woll will yicld a satisfactory supply 
of water during the ontire year, The following figures should also 
be considered; a well 4 foot in diamctor holds 78.5 gallons of water 
per foot of dopth, and a well 3 foot in diamotor holds 44,1 gallons 
per foot. Beforo digging the woll tho orospective owner should make 
a fairly accurate cstimate of the amount of water required and con- 
struct it accordingly. 

It was reportcd that a number of wolls dug to various depths 
in clay till encountered a "spring" in tho bottom of tho wcll. The 
water was not under hydrostatic prossure, although it flowed freely 
into the well during pumping opcrations. It is doubtful if the 
matorial yielding water at the bottom of theso wolls is clay till, 
but more probably consists of a lons or pocket of sand or gravel, 
many of which are reported to bo secattored throughout the till. The 
quantity of water yielded by these more porous natcrials depends upon 
the extent of the aquifer, It ig bolieved that the most of those 
sand and gravel lenses draw thoir water from the confining till, and, 
consequently, the chief result of thcir presence is to cause a greater 
area of till to yield its water to the woll. Some of those wells 


yielded large quantities of water when first dug, but after a period 
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of time, assumed the propertics of wells deriving their entire water 
supply of ground water from clay till, often going dry during the 
late summer or extended poriods of drought and yiclding only limited 
supplies during normal times, In lots 18 to 20, con. II, it was 
authentically reported that 6 Eansareeien wells, all dug into clay 
till, are obtaining their water from gravol located within the till. 
The depths of these particular wells rango from 5 to 43 fect with an 
average depth of 20 fcot. 
Ground water under hydrostatic prossure is scldom yiclded 


by clay till. In most instances, tho wolls arc non-artosian and are 
doriving their water from the zone of saturation bclow the wator- 
table. A possible exception is onc of two wolls dug to the same 
depth in clay till, 100 fect apart and at approximately tho same 
elevation, located in lot 19, con. V. ‘Tho levol of tho surfaco of 
the water in one well is 6 foot highor than that in the othor, It 
is possible, in this caso, that the wcll in which tho wator stands 


higher is non-flowing artesian, that is, the ground water encountered 
by the well was under somo hydrostatic prossure. 

Sufficient supplics of ground water, sono of which is under 
pressuroc, are frequently obtained at tho contact of clay till and the 
underlying bedrock, For wells such as these, tho aquifer has beon 
described on the compilation shoots as, "contact, till-bedrock", It 
is thought, however, that, although most of tho ground watcr ontors 
the well at tho contact, some water onters from the till higher up 
in the well. Much of the till lying immodiately above bedrock is 
saturated with water. This docs not noeecssarily imply that, at that 
point, the truce Sli is in tho till. It may bo at a eonsiderable 
depth bolow in the bedrock, and tho water in the till may be perched, 
its slow percolation downward through the till being oven more rotarded 
by the presence of podrock, This is suggested by the fact that the 
till appears to be saturatod with wator only immediately above bedrock 
that is massive and where there are fow cracks or joint planes to carry 


the ground water farther downward into the rock, Sovoral wells of this 


type are located in lots 19 to #7, con. VIII, in the vicinity of the 
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community of Dunbar, The depths of the wells depend upon the depth 
to bedrock at cach particular location, These wells are all reportod 
to be satisfactory and to be yiclding sufficiont quantitios of ground 


water, 


A number of wolls dug into the marine sand and clay doposits 


occurring in the Williamsburg-jJinchestor Springs areca havo encountered 
what is locally callod a "water gravel" lying beneath the clay. Al 
though no flowing-artcsian wells wore reported, the water contained in 
those “water gravels" is under sufficicnt hydrostatic pressure to force 
it up considerable distances in the wells, It is thought that these 
porous gravel beds consist of outwash material and are similar to thosc 
encountered beneath tho marinc sedimonts approximatcly 8 milos wost in 
the vicinity of the community of Hulbert, Matilda township. These beds 
could possibly be developed into an important local source of ground 
wator. 

The following is the log of a well dug in lot 25, con. VIII, 


which encountered "water gravel" beneath marino clay. 


0 to 10 fect - marine clay 


RIC )EG ro a id - hard, compact sand 
bi tGO, aa - quicksand 
14 to ae - "water gravel" 


It was reported in this particular well that the wator was 
under considerable prossure and that continual pumping could not 
lower the water level in the well below 10 foet from surface. 


The marine clay beds that are scattered throughout the town- 
ship yiold various quantitics of wator to wells, 65 of which are non- 
artesian and the romaining 8 intermittent. The problems cncountored 
in attempting to obtain satisfactory supplics of ground water from 
marino clay are comparable with those in clay till areas. Marine 
clay is too dense to yicld its water content readily, and wells dug 
in this matorial necessarily have to go a considerable distance bolow 


the wator-table in order to provide a resorvoir large cnough to yield 


a satisfactory supply of water. ifost wolls dug in marino clay that 
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are reported to be Guan i efeetovy are so not because of the lowering 

of the water-table but because of the low pormoability of the material. 
Qwing to this poor pormoability, most wolls could be dug in clay a 
considerablo distance bolow the water-tablo before there would bo any 
free water in tho well, It is suggcsted that the only accurate mothod 
to locate water~tablco in clay is to test tho material for saturation 
in the laboratory. A well dug in clay would ncocossarily have to romain 
in disuse for a considcrablo longth of time before the olevetion of the 
surfaco of the froo water would approach that of the wator-tablce. 

The largest and most important areas of marine clay in 
Williamsburgh township are in concessions I and VIII. Altogothor, 49 
dug wolls in coneession I are reported to obtain thoir water from 
marine clay. ‘These wells vary in depth from 9 to 41 foct with an 
average depth of 22,2 foot. One group of 16 wolls in lots 14 to 1” 
has an average dopth of 26.5 foot. All wells in clay in concession 
I have been classified as non-artesian with tho oxcoption of 7 inter 
mittont, The depths of the intermittont wolls range from 10 to 37 
feet, indicating that there is no dopth in the marine clay below 
which wator may be obtained with cortainty. hore aro 11 dug wells 
in concession VIII that are obtaining thoir supply of ground water 
from marine clay. These wolls, which are nuch shellowor than those 
in concession I, vary in depth fron 9 to 19 foot with an averse 
only 14.7 feet, The 9-foot well is the only intermittont one in the 
concession, tho remainder boing classified as non-artosian. It is 
thought that deepening any internittont well in the township deriving 
its water from marine clay would moko it moro satisfactory. 

Exclusive of the community of ‘Jilliamsburg only 9 wolls are 
reported to be deriving their supply of ground water from the 
area of marine sand oxtending north from this community to \Tinchester 
Springs. The dopths of thoso wolls vary from 8 to 28 fcot, with an 
average depth of 16.1 fect. The ere of wells doriving thoir ground- 


water supplies from sand farther south in concossions I and II aro much 


greater, Hore the wolls range from 11 to 54 foct in dopth, with an 
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average of 28.6 fcet. 

Precipitation falling upon these sandy areas sinks in 
rapidly and percolates downward until it reaches the more impervious 
marine clay. ‘The clay slows the downward porcolation of the water to 
such an extent that the sand immediately above frequently becomes 
saturated with water to form a perched aerate A few wells dug 
down through the sand are reported to have cnecountered "quicksand" or 
"springs" in the bottom of the woll, This is moroly sand saturated 
with ground water lying above the marine clay. Thi Is) difficult Be 
determine if the wator in wolls dug through sand into the underlying 
clay is perched or not, because the great pormcability of the sand 
permits surface water to pass through it and fill the woll rapidly 
to tho level of tho perchod water-tablo, It is probable that the 
wator in shallow wells, 15 feot or less in depth and dug in marino 
sand overlying clay, is perched, and that yiclded by the deeper wells 
dug in the same matorial is Protea the truc wator-table. Shallow 
wells, depending upon perched water, will go dry more roadily and are 
more likely to bo intermittont than deop wolls in the samc locality. 
The thickness of the saturated part of tho sand irmediately ovorlying 
marine clay is, in most places, from 1 foot to 3 foot. Most wells of 
this typo are dug down through tho gond until cither the clay is on- 
countered or the sand bocomcs so fluid as to rondor further decpening 
of the well extremely difficult. Tho dopth of such a woll is a good 
indication of the thickness of the sand at that point. 

A fow "sand-point" wolls, formed by driving casing chiefly 
2 inches in diameter into the sand, are found in the aroa about tho 
community of Williamsburg. Although the small reservoir of water in 
tho pipe allows wells such as these to bo pumped dry rapidly, the 
high permeability of the sand permits thom to refill quickly. Most 
owners claim that they are satisfactory for domestic use but. not for 
‘watering any largo number of stock, which would indicate that thoy 


are not capable of yiclding large quantitios of eround water over 


relatively short periods of time. 
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Altogether, somce 160 wclls havo boon drillod into bedrock 
in the township, and all are roported to be deriving at least part 
of their ground water from that source. The depths of such wells 
range from 11 to 275 foot with an average of 107.9 fect. 

A compilation of data from wolls roportod drilled to none 
rock in Williamsburegh township, arranged according to the formation 


from which the water is considered to bo derived, is as follows: 


——— 


Number 
of 


CLASSIFICATION | DEPTHS OF 


WELIS (foot) 


QUALITY — 


Sal- (Sul— 
Min JMaxbive.|Hard Soft{ince jphur 


Formation 


Ottawa BO112 | 139 Tae as 
St.Martin is ry ie 0 ie 
TOTAL T5Ciby ae 1. tam 


The above figures do not take into consideration wells 
drilled into bedrock within the communitios of Mariatown and Williams— 
burg. One well was drilled in the lattor to a depth of 365 fect. 

Tho St, Martin formation, consisting of linestone, minor 
shale, and dolomitc, underlics th southwost and oxtrome south parts 
of Williamsburgh township. Along Kings Highway No. 2, betwoon lots 
7 to 15, con, I, it was oncountored at depths from 50 to 60 fect, and 
in lot 25, con. I, midway betweon Riverside ond Morrisburg, at 78 foot 
from the surface. 

Although the St. Martin formation undorlies approxinately 
20 per cent of Williamsburegh township, it is the source of ground 
water for only 7.5 per cent of the wells drillod to bedrock. From 
the information compiled, however, tho St, Martin would appear to be 
an excellont source of ground wator, Approxinatcly 75 por cont of 
tho wells penctrating the St. Martin cncountercd water under sufficient 
hydrostatic pressure to foreo it a considorable distance up into tho 
well, A flowing artesian well, drillcd to a depth of 119 foot in lot 
14, con, I, is thought to be Goriving its supply of ground water from 


this source, The piozomctric surface of tho wator at this point is 
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approximately 6 foct above tho surface of the sround, and, on 
September 135, 1951, the rate of flow of tho well was 36 gallons an 
hour, The temporature of the water was 42° F. The ground water 
obtained from the St. Martin is reportod to bo very hard; only one 
well, located in lot 5, con, I, was observed to have a strong hydrogen 
sulphide odour, © 

The Ottawa formation, which consists of grey limestone with 
dolomite, shale, and sandstone in the lower part, underlics 80 por 
cent of the township. Because of tho relativoly thin layor of drift 
covering. bedrock in the north part of Williansburgh township, 69 per 
cent of the wolls in the township drilled into this formation are 
located in concessions VI, VII and VIII. ‘This is especially true in 
the northwest and northeast corners of tho township where the nearness 
of the flatelying bedrock to surface is reflected in the extremely 
flat topography. 

The quantity of ground water yiclded to the individual wells 
py the Ottawa formation is not as large as from the underlying Ste 
Martin, In some localities it appears to be a mattor of chanco if an 
aquifer yielding a sufficient supply is encountored by drilling. In 
lot 35, con. VI, for instance, two wolls that aro intermittent have 
been drilled into the Ottawa formation to dopths of 95 and 100 feot, 


and in lot 36 in tho same concession, wells drilled 50 and 100 feet, 


> 
also into the Ottawa, have been deseribod as highly satisfactory. 
Similar conditions have beon encountered in othor parts of illiams- 
burgh township. It is reported by woll drillers that, except for 
the top fow feet, the Ottawa formation is nassive with a few joint 

or bedding planes sufficiently open to form good aquifers, A fow 
wells, howovor, have been reported to be obtaining large quantitios 
of ground water from the Ottawa. 4 woll, drilled 23 foot, at the 
cheese factory in Dunbar, conecssion VIII, for instanco, will producc 
from 175 to 250 gallons an hour, and 4 woll in lot 3, con. VIII, 


drilled 100 fect into the Ottawa is roportcd to yicld 900 gallons an 


hour, 
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Altogether, some 148 wells are reported to be drawing 
their supply of ground water from the Ottawa formation, of these, 


30 (20.5 per cent) are non-flowing artosian, 5 (3.4 per cont) are 
intermittent, and the remaining 113 (76.3 por cent) aro bation 
These percentages compare closcly with those of wells in adjacent 
Matilda township also considered to obtain thoir ground water from 
the Ottawa, 

The small proportion of wolls oncountcring water undor 
pressure in the Ottawa formation as compared with those in the 
St. Martin is thought to be duc, in part, to the absonce of shaly 
members in the former, Ground wator encountered beneath shalo, 
which is relatively impervious to its passage, is often under 
considerable hydrostatic pressurc, 

A numbor of wells belioved to dorive their supply of 
ground wator from the Ottawa formation have boon reportod as 
containing tsulphur'. In most instancos, this means that the 
water has a strong odour of hydrogen sulphide gas. At least three 
of those wolls have been reported as non-flowing artosian. In 
adjacent Matilda towmship, all ground wator containing hydrogen 
sulphide gas was thought to bo coming fron oithor tho St. Martin 
or Rockeliffe formations and not from the Ottawa. Accordingly, it 
is possible that some of tho sulphur contaminated ground wator in 
Williamsburgh township may in fact be coming from the underlying 
St, Martin formation rather than from tho Ottawa as reported. 

The figures for the depths to pedrock, obtained from the 
drillers and owners of many wator wells, indicate a gradual decrease 
in the clevation of the bedrock surface from cast to west across 
Williamsburgh township. No puriod channels or valloys, such as were 
encountered in adjacont Matilda township, appear to exist in tho 


surface of the bedrock underlying the township. 
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COMMUNITY SUPPLIES 


Detailed studics were made of ground wator conditions in 
the communities of Mariatown and (Williamsburg. Maps showing the 
location of all wells for which information has beon obtained, 
topographic contours for both communitios, and watcr-table contours 
for Williamsburg accompany this report, Although the contours are 
somewhat goneralized thoy are believed to be sufficicntly accurate 
for the purpose for which they are being uscd. To detormine the 
depth to water in any one place, it is nocossary only to subtract 
tho elovation of the nearest water-tablo contour from that of the 
nearest surface contour. Compilation shoots containing pertinent 
data concerning tho individuel wolls in cach community are included 
at the back of this report. 

Community of Meriatown. Although this community is 
Situated on the bank of ihe St, Lawrence River, its water supply is 
derived entirely from privately owned, dug wells. ne depths of 
theso wells vary from 16 to 40 feet with an average of 24,6 feot, 
and in all instances the aquifor was reported to po eLay till. 
Bedrock, which probably lics botwoon 50 and 65 fect below the 
surface of tho ground, was not encountorod in any woll. 

With the exception of 2 wolls, tho quantity of wator 
yielded by the wells in Mariatown is thought to be sufficiont for 
domestic purposes, but not for watoring a large number of stock. 

It is reported that most wolls can be pumped dry quite oasily and 
take a long time to recover. This ig characteristic of wells 
deriving thoir entire water supply directly fron Galas 

Tho depth to water was moasured in 235 wolls. It was 
found that the variations in the olovation of the water levels in 
tho individual wells was so great that it was not possible to contour 
the ee This extreme yariation is probably bocause some of 


the wells had recontly boon pumped and were in the process of slowly 


recovering to the level of the water-tablo. 
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Sufficient ground water for the purpose of fire fighting 
can probably not be obtained from any dug woll within the community. 
The proximity of the St. Lawrence River, however, makes Nariatown 
much more fortunate than most small communitics in the quantity of 
water available for this purpose. 

Community of Williamsburg. The water supply of the conm- 
munity of Williamsburg is dcrived entirely from privately owned wollse 
Altogether, there are 86 wolls supplying sround water to the inhabit- 
ants of the community. Of thesc, 40 aro dug and 64 are drilled, 
chiefly into the underlying Ottawa formation, and ©] consist of sand 
points driven to various depths into tho marine sand that constitutes 
the surface material in tho south and west parts of the community. 

No information was obtained regarding the remaining well. 

The following tablo is a compilation of the wolls within the 
community arranged according to tho material or formation from which 
they derive their supply of ground water. Two wolls for which there 


is insufficicnt information havo not beon included, 
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The wells put down into sand, clay, or clay tilt eit 


derive their supply of ground water fron the zone of saturation 


below the water-table, and are accordingly classified as none 
artesian. A number of these wells wore reported as intormittent, 
but it is thought that they would yiold satisfactory quantities of 


ground water if deepened. 
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Most sand points used to obtain water from the marine sand 
within the community consist of a casing 2 inches in diamctor. Most 
of these wells yicld cnough wator to satisfy the needs of the average 
home, and in two cases tho supply was reported to bo sufficient for 
the operation of a restaurant. The fact that nono of these sand- 
point wells is intermittent indicates that the sand is excocdingly 
permeable and yields its water readily. It also suggests that the 
sand points have been driven sufficiontly far bolow tho lowest 
elevations to which the watcr-tablo will drop during its scasonal 
fluctuations to assuro 2 pormancnt supply of ground water. 

he Ottawa formation, which diroctly underlics tho un- 
consolidated materials within the comunity, is considered to be an 
excellent source of ground water. A woll drilled to a total depth 
of 129 foet, 69 foot of which is in bodrock, was reported to yield 
sufficient water to satisfy the demands of two houses, both cquipped 
with pressure systems attached directly to tho ono woll. .. second 
woll, located at the hotel, was drilled to 4 depth of 565 foot. This 
particular woll, which is one of tho dcopest in tho township, was re- 
ported to yield up to 4,000 gallons a day without loworing the level 
of the water in the well. 

A large percentage of the water in tho comunity, derived 
from the Ottawa formation, has a slightly salino taste and omits a 
faint odour of hydrogen sulphide gas. Rosidents accustomed to these 
wators use them without inconvenicnco, althouch persons not used to 
such waters would probably find them objectionable. 

Depth to bedrock was obtainod for only 5 wolls within the 


community, insufficient information on which to attompt to describe 


the surface of bedrock, 


ANALYSES OF MATER SPIES 
Ten samples of woll wators from Williansburgh township were 
analysed for their minoral content in tho laboratory of the Mines 
Branch, Department of Minos and Technical Surveys, Ottawa. The 


samples wero takon from wolls from 1” to 119 foct deop with aquifors 


in both drift and poedrock. 
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The nitrate and chloride content of a largo number of wells 
sampled appear to be abnormally high, indicating the possibility of 
contamination. It is sugcested, thoreforo, that bacteriological test 
be made of these waters if they are to be used for domestic purposes, 
Most contamination of well waters results from surfaco water socping 
into the well, cither at the surface or at tho bottom of the cribbing 
or casing. “This is chiefly due to poor woll construction, 

ze 
fmounts of Dissolved Minoral Mattor 


in Well Waters collected in Matilda township 


Woll wators from glacial drift and bedrock 
(10 samples) 


Maxinun AVOLaAge Mininun 


Constituent 


Residuo on evaporation (105°.) 


Calcium 4.7 .0 
Magnesium 16.8 
Sodium 6 o& 
Potassium 1,5 
Sulphate 60,9 
Chloride 6.0 
Nitrate 0,0 
Bicarbonate 20168 
Carbonate 0,0 
Silica (Col.) 6.8 
Total hardness 227 eo 


In parts por million. 


In answor to tho requests of < number of woll owners, the 


ra 
following method is recommended when it is dosired to sterilize ao well ; 


i 


“yell Drilling, Technical Manual, T,ll. 5-295, United States 
Government Printing Offico, washington, 19456 


ee eae 


 gdootbied bab diab Lefoch, wort @ ress ae CU | Mains 4 ee - ‘! 
‘4 A 


, : Dot Caen j Ua 
ae | Ree oe. 


. | AL tty ee Yee 
7 7 ‘1 ; eae = aT pape, i - vs 7 7 | Ni 


"aia aie — gs oe = ee 
eS eS 


qildeiee edit’ 20 atitvad egg! da" gree > a 
“tian Hoe ot a ai —) : 


| Tale J 
aul ny nu ie et one — ‘sae 
ik AY 


as ie 


al ih ar 7 


= 


ean. iva Seokaries: OL) | ait Pub! a # isd Be ay. gait ih ae ae ae _ 

— Saad i : ame ae : aie ac ak : pei eer: | 
ih eee a dO ra A (osPeor)-sbxeisogarer a couples 
: 0,90 | ; £08 ee Gone ¢ ‘f a ide fs © miivatio ; 


ee ee vee a Mane a Boel Pee 
} oye oe f | tia obtrosita 
0.9 peer wears odnelm” 
en oe ae ia 
yd UT gg aR (la | \ ov aGPERS | : 
8,8 mes: G84 yi (, foo) setsee 4 


: 
; 


$i ; , rs 2: fr: ven ar ee See ms et tt ae Aa ea 
: f ne : os : ; ¥ ; +t 7 


Pe gp ABEL ESR ROG GP TAR Altay 


Ret i 
see si oy baled eh ate a) “Avian? 


phi 8 omeoBcctS oe Dortpon at biel nocuicin pases 
“on pith ag ng ii Aa oH imag is i 


Shi 


oe eee Geen Cl ae ee ca 
yr ; 
3. » a7 6G 


7 


ih meres 
re ao er ‘od 


ey = 


mix one heaping tablespoonful of chlorinated limo with a little water 
to make a thin paste, being sure to break up all lumps; stir this 
paste into 1 quart of water; allow tho mixture to stand and then pour 
off the clear liquid. ‘The chlorine strength of the solution is about 
1 per cent; 1 quart of the liquid is cnough to storilize 800 imperial 
gallons of water, 

Estimate the volume of water in gallons standing in the well, 
and for each 800 imperial gallons, pour 1 quart of the sterilizing 
solution into tho woll, No harm is done if too much solution is used, 
and it is better to use too much than too little, Agitate the wator 
thoroughly and let it stand for several hours, preforably over night. 
Then flush the woll thoroughly to remove all tho storilizing agent. 
The sides of the well above the surface of the water can be sterilized 
by returning the water to the woll during the first part of the flush- 
ing. Just before completion of the flushing, a sample of the water 
may be taken if required, 

To dotermine the amount of chlorinated lime solution that 
should be added to the woll waters, it is nocossary to know tho 
diameter of the woll and tho depth of water in the well. With this 
knowledgo, together with the information civen in the tablo bolow, 
the volume of wator presont in the woll can be casily calculated and 


the correct amount of lime solution addcd. 


Diamctor of well | Numbor of inperial 
(foct) gallons por foot dopth 
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CONCLUS IONS 


This investigation warrants the following conclusions: 
Ground-water resources in Williamsburzh township, although 
not abundant, are adequate for domestic, stock, and community 
purposes, 

Glay till is not considered a good source for ground water. 
However many wells dug in this material oncounter layers or 
pockets of sand or gravel that may yicld considorable Quantities 
of water, 

Clay constitutes the most unsatisfactory source of eround water 
of all the unconsolidated materials in ‘illiamsburgh township, 
and wells dug in clay mey go a considerable distance below the 
water-table before there is evidence of free wator in tho well. 
Wells. dug in clay and ‘cley till that’are reported as tlow in 
summert or tintormittont! would yiold larger quantities of 
eround water if deepened, The deepening process should take 
place in the late summer or carly autumn, when tho water-table 
is normally at its lowest point. 

Throughout the township, wells 1 gand are commonly dus down 
to tho top of the underlying clay. Shallow wolls, dug to 4 
maximum depth of 15 foot in sand, are probably doriving their 
water from a porched wator-table,. Such wells aro commonly 
classed as *low in summor' or tinternittont', 

The quantity and quality of the eround water yielded by the 
bedrock formations directly undorlying Williansburch township 
appoar to bo satisfactory for normal domestic and farm usc. 
The quantity of ground water yielded by the clay till in the 
aren about the community of Marintown is sufficiont for domestic 
but not for farm purposes. : 
The most satisfactory sourccs of ground water within the cone 
munity of Williamsburg is tho merine sand, which is chiefly 
located in the south part of the community, and tho undorlying 


Ottawa limostone, which constitutes the bodrock formation 


directly underlying the cornmunity. 
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ABBREVIATIONS 


The following is a list of abbreviations used 
in the included water well compilation sheets 
for the comnunities of Mariatown and Williamsburg. 


Type, columm 4 


De = dug 
Dri,.= drilled 
Spt. —- sandpoint 


Depth to water surface, column 7 


M,. - moasured 


Aquifer, colunn 9 


Ce = clay 

Cy roe olay ey 

Ge a gravel 

Se = sand 

Ot. ~~ Ottawa formation 


Quality, column 11 


Oh sicleanr 
Igie Saanich 
Svc =} Spores 


Sal, = saline 
Sul, - sulphurous 


D, = domestic 
NN, = mot used 
S. - stock 
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NOTE: 

Because of difficulties involved in reproduction, the 
fables of well records referred to are not included with this 
report. Information regarding individual wells may be obtained 


by writing to the Director, Geological Survey of Canada, Ottawa. 
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PART I 
INTRODUCTION 


The present report is an attempt to assemble the data on ground- 
water resources in a form that will be useful to well drillers, farmers, 
municipal authorities, and others interested in obtaining adequate water 
supplies. 


Publication of Results 


The essential information pertaining to ground-water conditions 
is being issued in reports that, in Manitoba, cover a square-block of 
sixteen townships lying between the correction lines and beginning at the 
Saskatchewan boundary. The reports on the most southerly strip of the 
province include in addition the two townships lying north of the 
International Boundary. The secretary-treasurer of each municipality 
will be supplied with the information covering that municipality, and 

copies of the reports will olso be available for study at offices of 
the Provincial and Federnl Departments, Further assistance in inter= 
preting the reports may be obtained by applying to the Chief Geologisy, 
- Geological Survey of Canada, Ottawa. 


How to Use the Report 


Anyone desiring information concerning ground-water in any 
particular locality will find the available data listed in the well 
records, and other pertinent information on the maps of the aren. For 
those unfamiliar with these reports it is, perhaps, advisable that that 
part dealing with the orea as a whole be read first, so as to be in a 
better position to understand the more particular descriptions of each 
township that follow. Also, the map accompanying the report should 
prove a useful source of reference when reading the text, 


The map consists of two figures. Figure I shows bedrock and 
surface goology. The water-bearing properties of the bedrock change 
from formation to formation, and are referred to in subsequent pages. 
The type of glacial deposit at the surface may be determined from the 
map, and its possibilities as an squifer are also discussed in this 
report. 


Figure 2 shows the location and types of wells in the area, 

_ the land relief (topography), and the drainage pattern. Not every well 

is plotted on the map, but most of those giving pertinent information 

are shown, and probably include 90 per cent of the wells in the areas 
Where ‘ground water is not readily available, or carries too much dissolved 
salts to be used, dugouts often form the only means of supply. The 
topography is shown by contours, or lines of equal elevation, spaced at 
vertical intervals of 50 feet. 


The well records are compiled from data obtained by interviewing 
farmers, and in many cases their accuracy depends upon the farmer's 
memory. Wherever possible data were checked by plumb-line measurement 
to the nearest foot. The wells are tabulated by townships and sections, 
and the total depth of the well, depths to the water level at high and low 
stages, and, where possible, the depth at which the water-bearing 
horizon occurs, are all listed. The general character of the water 
is stated, and the use to which it can be pute Wells from which 
semples were taken for analysis are indicated on the well-record sheets. 
An idea of how much water a well can be expected to yield is suggested 
by the number of stock (cattle and horses only) thet can be 
watered at it. One head is assumed to consume between 8 and 
1O~"gallons. of water aday. Unless followed —by—the——word—toniy"t 
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the figure for the number of stock watored is not necessarily the 

maximum yield of the well, but simply the greatest amount that the present 
user has required. The word "only" indicates that the figure given is the 
maximum yield of the well, To obtain the position of an aquifer at any 
given point, the elevation of the point should be determined from the 
contours on Figure 2 of the map. Elevations of adjacent wells may be 
found in the well records and the depth to the aquifer can usually be 
determined from them, By comparing elevations the depth of the aquifer 
below the unlmown point may be estimated, This method is particularly 
applicable to bedrock wells, but may not be successful where information 
is too limited, or where the glacial drift is thick and of an irregular 
character. In such instances a person searching for water should refer to 
the text for information on the nature of the deposits in that area. 


GLOSSARY OF TERMS USED 


Alkaline. The term 'alkaline' or ‘'alkali' water has been 

applied rather loosely to waters having a peculiar and disagreeable taste, 
and commonly a laxative effect, The waters so described in the Prairie 
Provinces are those heavily charged with sulphates of magnesium and sodium 
(respectively Epsom salts and Glauber's salts) and are more correctly 
termed sulphate waters, Truly ‘alkaline' waters owe that property to the 
presence of calcium carbonate and calcium bicarbonate, In this report an 
attempt to adhere to local terminology is made by referring to sulphate 
waters as ‘alkali’ in the well records, and the term talkaline' is avoided. 


Alluvium. Deposits of clay, silt, sand, gravel, and other 
material in lake beds and in flood plains of modern streams, The term 
also includes the material in river torraces, which once formed part of the 
flood plain but are now above ite. 


Aquifer, A porous bed, lens, pocket, or deposit of material that 
transmits water in sufficient quantity to satisfy pumping wells and springs. 


Bedrock, Bedrock, as here used, refers to partly or wholly 
consolidated deposits of gravel, sand, silt, clay, and marl that are older 
than the glacial drift, 


Bentonite.and bentonitic clays have the property of swelling when 
water is added to them, They occur as white beds as: much as 2 feet thick, 
but usually much thinner, and are probably formed by the weathering of 
volcanic ash. 


Buried pre-Glacial Stream Channel. A channel eroded into the 
surface of the bedrock by a stream before the advance of the continental 
ice-sheet, and subsequently either partly or wholly filled in by sands, 
gravels, and boulder clay deposited by the ice-sheet or later agencies. 


Coal Seam, The same as a coal bed, It is a deposit of carbonaceous 
material formed from the remains of plants by partial decomposition and 
burial. 


Contour. A line on a map joining points that have the same 
elevation above sea-level. 


Continental Ice-sheet, The great ice-sheet that covered most of 
the surface of canada many thousands of years ago. 


Escarpment e A cliff or relatively steep slope separating level 
or gently slopping areas. 


Flood Plaine A flat part of a river valley ordinarily above water 
but submerged when the river is in flood. Itis an, area where silt—end 
clay are being deposited. 


ve 


Ete \ > Mia oot 
fl ' a v ¥ 7 Gs ; 
el tip “i “= | We 
an " 
eee tices 


ont, sek be be ieee 


oe ston enue sovel atts: 
Mtipa eas 0" aiyed eG! See 
ph sin eter Rain cdr ory 
italils | 


| ale ' - apo | 
SAS otitis Bi za.) ae 707 we 
| yrreioa tit beet °, ante il 
ue frre vay serteny ts 16 tw fuuade ee 


yittorico Grom ore, bred (adfoo et reduald, baw 9: 
nit st Nolen re teh ewa erg dune Nebkt asta elt 
1 Pogyr vgs rar agtarndusbid’ m tote. bre wean ue 
adh petey Lire ehrmetet. yd. aban at igiclontniod Laood, o peers 
sbbbeye at | foufketis’ mued odd bao. ,abwoer: {Low ont mt atastat oan 


wore Biss fovory «liane Cts .wofe do potncced 

writ onl .aKaosta aiebom i antofy bool) ub bas ade faired am 

eas No Fun ee, mOmD: Ao bikie Ene yovia at: Létrodom o&t sobe Lomb oats 

! ie ote evade Woot one hard, abel, book 


Rec ha aaa to a ore iy, paren anol: ios avon A, 
Sat dal bun eiLow gebqeg yis ives ot Ae ealip dusted itive at sozaenaat 


lettoite to sere ‘od A020. 2,bony org om wloosbat pert: 
‘whfo Bae, dad slo baa yelp pil fa, Beta lovang to pets abit Lovins 


ofthab gira) odd aadd 


ideaqab 
pig 
- qmedte 


evattyy yh Lowe ‘be, iii: ods wyar, uyeld otddanchied bani : 
ottt dost £ pa dopin.ee ubed eiidw. aa sarq90 wT, prigat OF, a? soda 


Me. a gabredday ‘ORs bid agate natant om Land imine pres ee 
ae r | | oi 
ott ‘odnd bebo ms Pains A. semen gesash f. i = as q de obwe 


fndtontimoe adh to bogeshe off o10%ed mame & Ye oat Te eontamn 
aebnde YW ar befLth ylfodw wm yfttay aorttte: iP idotiiar' boa ,tooreneae 
‘eettongn wedel xo Fonttn-vor ont yd! ache yate webiued, bre i) 


amooennndsno. ‘Lo dinogsh ® atl bod foco a aa wath edt 2 eee <° ae ee 
Drs an tit anh, we ahs ta agkenon or mic | ae ike" 
i | 


enon iit pind saute hon witli gm rs ™, A piqued ae)" easel 
nag midavele 


“to Poon, borer saab *9hde~ons oe ad? oie ola. [f 
<a RP ste ‘geet qowbhaton, w vata hie scanaittcicai 


ct a zu 


tod.aw eveda. Bere oe Yowid 4) Se aay 
Bet-A Ete erwedtr anna te st aI bb sarin: 


- 3 = 


Glacial Drift. A general term that includes all the loose, 
unconsolidated materials that were deposited by the ice-sheet, or by 
the waters associated with it. Clay containing boulders usually forms 
a large part of the glacial drift in an area, and is called glacial 
till or boulder clay, and is not to be confused with the more general 
term glacial drift, which occurs in the following several forms: 


(1) Terminal Moraine or Moraine, A ridge or series of ridges 
formed by glacial drift that was laid down at the marcin of a moving 
ice-sheet. The surface is characterized by irrogular hills and umdrained 
basins, 


(2) Kame Moraine. Assorted deposits of sand and gravel laid 
down at or close to the ice margin, The topography is similar to that 
of a terminal moraine. — . 


(3) Ground Moraine. Boulder clay (till) laid down at the base 
of an ice-sheet, The topography may vary from flat to gently rolling. 


(4) Glacial Outwash. Sand and gravel plains or deltas formed 
by streams that issued from the continental ice-shect, 


(5) Glacial-lake Deposits, Sand, silt, and clay deposited in 
glacial lakes during the retreat or the ico=sheet. 


Shoreline, A discontinuous escarpmont, with intervening 
gravel beaches and bars, which indicates the former margin of a glacial lake, 


Ground Water, Tho water in the zone of saturation below the 
water-table, 


Hydrostatic Pressure. The pressure that causes water in a 
well to rise above the point at which it was first encountered in the well, 
namely, at the level of the aquifer, 


Impervious or impermeable, Beds such as fine clays or shale 
are considered to bo impermeable when they do not permit the perceptible 
passage or movement of ground water, 


Pervious. or Permeable, Beds are pervious or permeable when 
they permit the perceptible passage or movement of ground water, as in the 
case of sands and gravels, 


Pre-Glacial Land Surface, The surface of the land as it 
existed before the ice-shoet covered it with drift. 


Recent Deposits, Deposits that have been laid down by the 
agencies of water and wind since the disappearance of the continental ice- 
sheet; for example, alluvium in stream valloys. 


Sand Point or Driven Well. A sand point is a piece of 
perforated and screened pipe 2 or 3 feet long, which ends in a sharp point. 
It is fastened to lengths of ordinary pipe and forced down into surface 
deposits of a sandy or gravelly nature. The depth of such a well rarely 
exceeds 30 fect, 


Unconsolidated Deposits, Tho mantle or covering of alluvium, 
“pre-glacial soils, and glacial drift oonsisting of loose, uncemented material — 
that overlies the bedrock. 


Variegated. Beds soa described show different colours in 
alternating beds or lenses. 
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Water-table, The upper. limit of the part of the ground 
saturated with water. This may be near the surface or many feet below 
ite Awater-table is said to be perched when a zme of saturated matorial 
is separated from the main water-table below by a zone or zones of 
unsaturated material. 


Water-worked Till, Glacial till or boulder clay that has been 
subjected to water action, usually near the margins of glacial lakes, so 
that the fine clay has been washed out and a deposit that may be composed 
mainly of sand and gravel is left behind. ; 


Wells. The term refers to any hole sunk in the ground by any 
means for the purpose of obtaining water, If no water is obtained they 
are referred to as dry holes. Wells yielding water are divided into four 
classes: 


(1) Flowing Artesian Wells. Wells in which the water is under 
sufficient hydrostatic pressure to flow above the surface of the ground 
at the well, 


(2) Non-flowing Artesian (Sub-artesian) Wells, Wells in which 
the water is under sufficient hydrostatic pressure to raise it above the 
level of the aquifer, but not above the level of the ground at the well. 


(3) Non-artesian Wells. Wells in which the water does not rise 
above the water-table or tho aquifer, 


(4) Intermittent Non-artesian Wells, Wells that are generally 
dry for a part of each year, 


GENERAL DISCUSSION OF GROUND WATER 


Almost all the water recovered from beneath the oarth's surface 
for both domestic and industrial uses is metooric water, that is, water 
derived from the atmosphere. Most of this water reaches the surface as 
rain or snow. Part of it is carried off. by streams as run-off; part 
evaporates either directly from the surface and from the upper mantle of 
soil, or indirectly through transpiration of plants; and the remainder 
sinks into the ground to be added to the ground-water suppliese 


The proportion of the total precipitation that sinks into the 
ground will depend largely upon the type of soil or surface rock, and on 
the topography; more water will sink into sand and gravel, for example, 
than into clay; if, on the other hand, the region is hilly and dissected 
by numerous streams, more water will be immediately drained from the 
surface than in a relatively flat area, Light, continued precipitation 
will furnish more water to the underground supply than brief torrential 
floods, during which the rum-off may be nearly oqual to the precipitation. 
Moisture failing on frozen ground will not usually find its way below 
the surface, and, therefore, will not materially replenish the ground-water 
supplies. Light rains falling during the growing season my be wholly 
absorbed by plants, The quantity of moisture lost through direct evaporation 
depends largely upon temperature, wind, and humidity. Locally these 
deposits may become very extensive. The water-bearing properties of 
alluvial deposits are variable, but, in general, such deposits form favourable 
aquifers, They are porous, and readily yield a part of their contained 
water, although in places their porosity may be greatly reduced by the 
presence of fine silt and clay. This type of deposit may be expected to 
yield moderate domestic supplies through shallow wells, and larger supplies 
if the deposits are extensive. 


In some areas of relatively steep slopes, valleys have been partly 
filled with sand and gravel, which, in turn, have been covered with 
impervious clay and silt. These circumstances commonly give rise to artesian 
conditions in the lower part of the valley. 
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DISCUSSION OF WATER ANALYSES 


Both the kind and quantity of mineral matter dissolved in 
a natural water depend upon the texture and chemical composition of 
the rocks with which the water has been in contact, Pollution is 
caused by contact with organic matter or its decomposition products. 
Analyses of well waters for mineral content are made by the Department 
of Health and Public Welfare, Winnipeg, and by the Bureau of Mines, 
Department of Mines and Resources, Ottawa, 


As the ground-water survey of Manitoba progresses an effort 
is made to secure samples representative of each major aquifer 
encountered; the purpose of this is to compare the chemical characterist- 
ies of waters from the various geological horizons and, thereby, assist 
in making correlations of the strata in which the waters occur. The 
mineral content of natural waters is also of interest to the consumers, 
though: the effects of the constituents are usually already apparent. 
The quantities of the various constituonts for which tests are made are 
given as ‘parts per million', which refers to the proportion by weight 
of each constituent in 1,000,000 parts of water. A salt when dissolved 
in water separates into two chemical units called 'radicals', and those 
are expressed as such in the chemical analyses. In one group are 
included the metallic elements of calcium (Ca), magnesium (Mg), sodium 
(Na), and iron (Fe), and in the other group are the sulphate (S04), 
chloride (Cl), bicarbonate (HCOz), carbonate (COz), and nitrate (Os) 
radicals, The radicals listed in the analyses tabulated in the second 
part of this report can be combined to give the actual quantity of the 
particular salts present in the water, but this is not done here as the 
radicals alone give enough information to identify the water types. In 
fact, the sulphate, chloride, and carbonate radicals, plus the hardness, 
serve to identify a water, and crude field tests on the basis of these 
constituents were used in some areas to outline more completely zones of 
the various water types, 


The following mineral constituents include all that are 
commonly found in natural waters in quantities sufficient to have any 
practical effect on the value of waters for ordinary uses: 


Silica (Si02) is Cissoived in small quantities from almost 
all rocks. It is not objectionable except in so far as it contributes 
to the formation of boiler scale. 


Iron (Fe) in combination is dissolved from. many rocks as well 
as from iron sulphide deposits with which the water comes in contact, It 
may also be dissolved from well casings, water pipes, and other fixtures 
in quantities large enough to be objectionable, but separates as the 
hydrated oxide upon exposure of the water to the atmosphere. Excessive 
iron in water causes straining on porcelain or enamelled ware, and 
renders the water unsuitable for laumdry purposes, Water is usually 
considered not potable if the iron content is more than 0.5 part per 
million. 


Calcium (Ca) in the water comes from mineral particles 
present in the surface deposits, the chief sources being limestone, 
gypsum, and dolomite, Fossil shells provide a source of calcium, as 
does also the decomposition of igneous rocks. The common compowmds of 
calcium are calcium carbonate (CaC03) and calcium sulphate (CaS04), 
neither of which have injurious effects on the consumer, but both of 
which cause hardness. 


Magnesium(Mg) is @ common constituent of many igneous rocks and, 
therefore, very prevalent in ground water. Dolomite, a carbonate of 
calcium and magnesium, is also a source of the element. -The sulphate~-of 
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magnesia (IM,SO4) combines with water to form 'Epsom salts,' and renders 
the water unwholesome if present in large amounts. 


Sodium(Na) is derived from a number of the important rock- 
forming minerals, so that sodium sulphate and carbonate are very. common 
in ground wators, Sodium sulphate (NapSOq) combines with water to form 
'Glauber's salt' and excessive amounts make tho water unsuitable for 
drinking purposes. Sodium carbonato (Nao COz ) or ‘black alkali' waters 
are mostly soft, the degreo of softness deponding upon the ratio of 
sodium carbonate to the calcium and magnesium salts, Waters containing 
sodium carbonate in excess of 200 parts por million are unsuitable for 
irrigation purposest, Sodium sulphate is less harmfule 


ee OR a re ee 
"The extreme limit of salts for irrigation is taken to be 70 parts 


per 100,000, but plants will not tolerate more than 10 to 20 parts per 
100,000 of black alkali (alkaline carbonates and bicarbonates)". Frank 
Dixey, in 'A Practical Handbook of Wator Supply', Thos. Murby & Cos, 
1931, pe 254. 


Sulphates (S04) referred to in this report are those of 
calcium, magnesium, and sodium, and have been mentioned above in referring 
to these radicals. They are also formed by oxidation of iron sulphides, 
and, hence, it is not uncommon to find iron in sulphate waters, 
Sulphates cause permanent hardness in water, and injurious boiler scale. 
Sodium and magnesium sulphates aro laxative when present in quantitics 
of more than 900 parts per million. The writers found that acclimatized 
people could drink water containing as much as 2,000 parts por million 
of all threo of the principal sulphates, but that when all were present 
2 een eer Oy Ors 2 550) Es Age per million the water was commonly laxative 

Chloride (C1) is a constituent of all natural waters and is 
dissolved in small quantitics from rocks, Waters from wells that penetrato 
brine: or salt deposits contain large quantities of chloride, usually as 
sodiur hloride (common salt) and less commonly as calcium chloride and 
magnesium chloride, Sodium chloride is a characteristic constituent of 
sewage, and any locally abnormal quantity suggests pollution from this 
source, However, such abnormal quantities should not, in themselves, be 
taken ms positive proof of pollution in view of the many sources from 
which ~hloride may be derived, Chlorides impart a salty taste to water 
if preser much in excess of 500 parts per million. In southwestern 
Manitoba -vaters with as much as 3,000 parts per million of chloride are 
used domestically, though more than 1,500 parts por million is generally 
considerea undesirable. The following figures apply to chlorides: stock 
will equire less salt if the water bears 2,000 parts per million; more 
tha.. 5,000 parts per million is wfit for human consumption; more than 
8,000 parts per million is wifit for horses; more then 9,500 parts per 
million +s too much for cattle; and more than 15,500 parts per million is 
excessive for sheep. Magnesium chloride, less common than sodium chloride, 
is very ¢orrosive to metal plumbing. 


Jitrates (N03) found in ground water are decomposition products 
of or gan? * materials; they are not harmful in thomselves, but they do 
point to wrobable pollution, It is recommended that a bacterial test be 
made on »*ter showing an appreciable nitrate contont, if it is to be 
used for domestic purposes. 


! 


‘arbonates (C0; ) in water are indicated in the table of anulyses 
a8 AP etecai 


Calcium and magnesium carbonate cause hardness in water, 
which may |oe partly removed by boiling. Sodium carbonete causes softness 
in waters, and is referred tc under” Sodium" above. 
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Bicarbonates (HCOz). Carbon dioxido dissolved in water 
renders the insoluble calcium and magnesium carbonates soluble as 
bicarbonates. The latter are decomposed by boiling the water, which 
changes them to insoluble. carbonates, 


Hardness is a condition imparted to waters chiefly by 
dissolved calcium and magnesium compounds, It here refers to the 
soap=-destroying power of water, that is, to the amount of soap that 
must first be used to precipitate the above compounds before a lather 
is produced. The hardness of water in its original state is its total 
hardness, and is classified as ‘permanent hardness' and 'temporary 
hardneoss'., Permanent hardnoss remains aftor the water has been boiled. 
It is caused by mineral salts that cannot be removed from solution by 
boiling, but it can bo reducod by treating the water with natural 
softeners, such as ammonia or sodium carbonate, or with many manufactured 
softeners. Temporary hardness can be climinatod by boiling, and is due 
to the presence of bicarbonates of calcium and mgnosium, Waters 
containing largo. quantitios of sodiwa carbonate and small amounts of 
calcium and magnesium comounds are soft, but if the latter compounds are 
present in large quantities tho water is hard. The following table” may 


a ei) i 

lmnresh, JeCe, and Boalo, J.F.: ‘Tho Examination of Waters and Water 
Supplios; London, 1925, p. 21. 
"eee 
be used to indicato tho dogrco of hardnoss of a water: 


Total Hardness 
Parts per million Charactor 
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The above table gives the generally accopted figures for hardness, but 
the people of southwestern Manitoba havo become accustomed to harder 
waters, and the following tablo, based on about 800 field determinations 
of hardness, by the soap method, is more applicable: 


Parts per million Character 
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Waters having a hardnoss of up to 500 parts per million are commonly 
used for laundry purposes. In southwostorn Manitoba, hardness ranges 
from less than 50 parts por million to moro than 2,000 parts per 


million. 
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PART IIL 
TOWNSHIPS 11 to 24, RANGES 26 to 29, 
WEST PRINCIPAL MERIDIAN, MANITOBA 
(Elkhorn Area) 
Introduction 
An investigation of the glacial geology and the ground- 
water resources of townships 11 to 14, ranges 26 to 29, W. 
Princ. meridian, was carried on by the writer during the field 


season of 1949. 


Physical Features 


A marked topographic feature of this area is the valley 
of Assiniboine River, which is about a mile wide and 150 
feet deep. The valley walls are gullied by short streams 
with narrow channels and the river itself follows an 
irregular course along a flat valley floor. Niso Creek flows 
east across the area and joins the Assiniboine in sec. 18, 
tp. 13, rgee 26. Gopher and Bosshill Creeks cross the 
southwestern part to join the Assiniboine near the town of 
Virden. The general character of the topography is that of 
an undulating plain with undrained depressions and isolated 


hills rising some 60 feet above the surrounding plain, 


Geology 


Table of Formations 


Formation 


Character een 


Recent Alluvium Stream-laid mud, silt, 
sand, and gravel 


and silts, duned 
sands, assorted sands 
and gravel in beaches 


| 

Pleistocene! Lake deposits Silty clays, fine a 
j 

and deltas | 
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Age Formation Character iThickness 
Feet 


boulders, assorted 
sand, and gravel in 
outwash plains 


| Glacial deposits |Till, clay, sand, gravel, 
| 


Upper 
Cretaceous ; Riding Mountain Upper beds of medium 
to light grey, hard, 
| 
| 
| 


siliceous shales 
| (Odanah shale), with 

| some thin layers of 
| | fine, blue sand and 
| bentonite beds; 

lower beds of slippery 

clay shale that tends 
to slump 


Vermilion River | Dark grey and black 
| shales comprising 
| three members: 

| |Pembina (dark shale, 

| numerous bentonite 

{ 

| 

| 

i 


} 
| 
| bands near base); | 80- 
'Boyne (grey, calcareous | 
| shale, non-calcareous, | 
dark shale near base); | 
|Morden (calcareous, | 
| speckled shale, over- | 
| lying dark grey, non- | 
| calcareous, blocky 
shale with thin partings | 


of white sand) '190- 


| 
| 
i 


140- 


| 
} 
i 


| Favel | Grey shale with white, 
| | calcareous material; 
| 


} 
1 
i 
i 
j 
i 


some bands of limestone; 
some bentonite '150- 


| 
Lower and Ashville | Dark grey to black shales | 


Upper Cre- | with silt and sands | 4O- 
raceous 


| 
Lower Swan River | White to green sandstone, 
Cretaceous | black shale, and silt 


Jurassic |Light grey to red shale, 
| calcareous sandstone, 

grey to buff-brown 

| shales, light grey 


| limestone and sandstone 
{ 


Jurassic or | Amaranth Red beds and gypsum 220 
earlier 
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Upper Cretaceous shale of the Riding Mountain formation 
underlies the area and outcrops along Assiniboine Valley and 
Nisco Creek, The bedrock surface is irregular, fractured, and 
weathered, and is overlain by some 25 feet of drift in the 
central part of the area. It forms a widespread aquifer that 
yields abundant alkali water with much iron. 

Overlying the bedrock is an impervious, blue, clay-rich 
till that may contain lenses and pockets of sand and gravel 
that are water bearing. Overlying the blue clay in turn is a 
buff weathered, stony till of variable thickness but with an 
average of 25 feet, 

An embayment of glacial Lake Souris along Assiniboine 
Valley modified the ground moraine near the eastern margin of 
the area, Outwash sand and gravel along the valley north of 
Miniota was deposited when the advance of the continental ice 
mass was halted and the end moraine known as Arrow Hills was 
formed, Patches of outwash gravel have been formed in abandoned 
stream channels that trend southeast across the ground moraine. 
They are of local extent, but are favourable sources of hard, 


clear water, 


Water Supply 


Three possible sources of ground water are present in 
this area, but none is continuous and, therefore, in some 
sections, where all three are lacking, dugouts are necessary 
to supply water for stock, 

A shallow source of water is the surface sand and gravel 
along abandoned channels or in outwash along the streams and 
the river, An abundant supply of good water is obtained from 
shallow wells in such material, but unfortunately they are oly 


found in a few places. 
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A deeper source supplies water to wells dug through clay to 
pockets or lenses of sand or gravel within the ground moraine. 
These wells are not satisfactory as the supply fails in seasons 
of drought, and in seasons of excess rainfall the wells fill with 
water that, upon standing, absorbs sulphates and other constituents 
from the clays and hence becomes bitter. These wells should be 
pumped out as often as possible in such seasons. 

A third source of water is the weathered and fractured 
surface of the bedrock. This zone commonly yields abundant 
water, but dry holes that penetrated it are on record. The 
chemical composition of the water varies and it may be salty 
or bitter. Chemical analyses show that the water of drilled 
wells that are properly cased is not contaminated by seepage 
from the surface material and commonly the water is soft. 

Township 11, Range 26. The surface of this township 
is relatively even, but with a slope to the east. It is covered 
with ground moraine that, in the eastern half, has been 
reworked by waters of glacial Lake Souris. 

Local patches of sand and gravel, deposited along the 
western edge of the reworked deposits, are sources of good 
water sufficient for domestic use. Shallow wells in sections 
14, 23, and 24 are dug in such deposits. Elsewhere water is 
obtained at depths of 40 to 60 feet from an aquifer of sand, 
gravel, or boulders underlying the blue clay. These wells 
have never supplied much water, and dugouts are necessary for 
stock, The increased annual rainfall of the last 6 years, 
however, has raised the water-table and most of these wells 
are more than half full of water. As stock are watered at 
dugouts only small amounts are pumped out daily. Consequently, 
the mineral content of the water standing in the wells in 


contact with blue clay has increased until some of it is unfit 


for drinking. 
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Wells dug in section 2 reach shale at 50 feet. In NE. t 
section 20, a well drilled 136 feet penetrates blue clay and 
yields a potable water that rises in the well to a point 
20 feet from the surface of the ground. 

Township 11, Range 27. Ground moraine covers the surface 
of this township. The upper 20 feet or more is weathered, buff- 
coloured till commonly known as yellow clay, and underlying this 
is a clay-rich, blue till. The uneven surface is broken by 
isolated knolls parallel with, and west of, the 1,600-foot 
contour. These knolls are made up of till, with some gravel 
on the tops where the finer materials have been washed away. 

An aquifer of sand and gravel, underlying the blue clay, 
supplies sufficient ground water for domestic use and dugouts 
have been installed for a stock supply. The water is 
commonly alkali with much iron. An average depth of the 
wells dug in this township is 45 feet, and during the season 
that the investigation was carried out the water rose 35 feet 
or more in most wells. These wells will water 15 head in the 
dry years. They are easily pumped dry but after a few hours 
will refill sufficiently to allow further pumping. 

Township 11, Range 28. The rolling uneven surface of 
this township is accentuated by abandoned stream channels 
and numerous undrained depressions. Bosshill and Gopher 
Creeks flow across it in a southeast direction. Ground moraine 
covers most of the township, the upper 20 feet or more of 
which is a weathered, buff-coloured till. 

A supply of hard, commonly alkali water is obtained from 
wells dug 25 to 30 feet to lenses of sand or gravel in the 
drift, These wells yield enough water for domestic use but 
dugouts are required for a stock supply. Outwash gravel, 


found along abandoned channels, is also a source of water at 


shallow depth. 
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Township ll, Range 29. The uneven, rolling surface of this 
township is dissected by abandoned drainage channels. 

Ten drilled wells have been recorded, some of which are no 
longer in use. In NW. 4 section 3, a well was drilled 215 feet to a 
layer of sand and gravel below 205 feet of blue, clay-rich till. The 
water from this aquifer rises to a point 27 feet below the surface of 
the ground. In SE, + section 4 and SE, # section 10 the same aquifer 
was encountered at depths of 197 and 130 feet respectively. Drilled 
wells 127, 105, and 145 feet deep in SE. ¢ section 12, SE. % section 
14, and SE, # section 22 reach a similar aquifer. In Nw. ¢ section 
18, a well was drilled to a depth of 242 feet. At 180 feet shale was 
encountered and hard, salty water from it rose to within 40 feet of 
the surface. 

Dug wells 40 to 50 feet deep commonly yield a sufficient supply 
for domestic use from aquifers in the blue clay. Shallower dug wells 
in the southern part of the township supply adequate amounts of good 
water from local patches of surface gravel along abandoned stream 
channels. Dugouts are common throughout the township. 

Township 12, Range 26. The relatively flat surface of this 
township slopes east to where Assiniboine River crosses sections 
36 and 25. Ground moraine covers the entire township, Bue in the 
eastern half it has been modified by the waters of glacial Lake 
Souris, The ground moraine consists of an upper 20 feet or more of 
buff-coloured till overlying various thicknesses of clay-rich till. 
Water-bearing zones are present below the blue clay and sufficient 
water may also be obtained from lenses of sand or gravel within the 
till. The wells are commonly 39 to 40 feet deep and dugouts are needed 
to assure a supply for stock. In section 21, a well was drilled 100 
feet through 90 feet of blue clay and 10 feet of boulders and gravel. 


Water rose 50 feet in the well and in a month the well was dry. 
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Township 12, Range 27. Drift with a flat to uneven surface 
covers the township to a depth of not more than 30 feet, and in 
places only about 15 feet. Niso Creek crosses sections 31 and 32. 
Wells are commonly dug to bedrock where abundant water is obtained from 
the fractured and weathered surface of the shale. Fine sand below 
the blue clay is also water bearing but forms quicksand that fills 
the wells. In test drilling it is common to find plenty of water, 
but it is of poor quality, suitable for stock only. Dugouts are 
common. In SW. % section 1, a well drilled 85 feet yields an 
abundant supply of good water. 

Township 12, Range 28. Isolated hills of glacial till rise 
30 to 50 feet above the surrounding uneven surface of this township, 
and sloughs of considerable extent occur in many places. Bedrock 
lies within 25 feet of the surface in sections 2, 3, 9, and 16. 

In these sections wells were drilled to a common water-bearing zone 
at a depth of 87 feet. Although the water in this zone is abundant 
it is too salty for domestic use. Wells have also been drilled in 
sections 21, 24, and 25. Dug wells reach layers of sand in the 
drift and commonly yield water of poor quality. Dugouts are common 
and dams have been built in Niso Creek to retain water for stock 
during summer months, 

Elkhorn is built on a deposit of outwash sand and gravel from 
which shallow, dug wells and sandpoints supply sufficient water for 
the town. Dug wells, 18 feet deep and 6 feet in diameter, at 
Elkhorn Creamery yield 10,000 gallons an hour. 

Township 12, Range 29. A belt of end moraine trends southeast 
across the township with a hilly, uneven, and much wooded surface. 
The remainder of the township is covered by ground moraine with 


an uneven surface. Niso Creek crosses sections 35 and 36. 
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The supply of water in this township is not abundant and its 
quality is poor. All the wells are dug to layers or local pockets 
of sand or gravel in the blue clay and reach to depths of 35 to 60 
feet, No wells have been drilled to bedrock, which would probably 
be reached at depths of over 150 feet, but it is doubtful if water 
encountered in it vould be of good quality. 

Township 13, Range 26. Assiniboine River meanders, in a valley 
about 1 mile wide, across the township from section 18 to section 1 
and is joined by Arrow River in section 10. Outwash gravel occurs 
along Arrow River. Gravel is also common in that part of the end 
moraine that crosses sections 25 and 24, and a broad outwash plain 
of sand extends from Miniota south to the edge of the river valley. 
The town of Miniota is supplied with sufficient water from this 
aquifer, Elsewhere, in the area of ground moraine, wells are dug 
to lenses of sand and gravel excepting south of the Assiniboine 
where a supply is obtained in wells less than 25 feet deep from the 
weathered fractured surface of the bedrock. 

Drilled wells are not common, but one in NE, #4 section 35, 

80 feet deep, reaches a bed of black sand below blue clay and yields 
good water but with too much iron for domestic use. Springs along 
the north side of the valley are used in sections 16 and 19. 

Township 13, Range 27. Assiniboine River crosses the northeast 
quarter of the township in a broad valley over the floor of which it 
meanders, and some cut-offs have left ox-bow lakes. The bedrock is 
overlain by a buff weathered till, averaging 20 feet in thickness, 
with an uneven to flat surface. 

Wells are dug to bedrock, from whose weathered and fractured 
surface an abundance of water is pumped. This water may be alkali 


but is commonly used for drinking as well as for stock. 
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Township 13, Range 28, The rolling to flat surface of this 
township is characterized by low undrained areas known as saline flats. 
These have little agricultural value but contain a concentration of 
the mineral constituents present in the ground water. The supply 
of water is not satisfactory in this township as it is neither 
abundant nor of good quality. Those wells in use are about 30 feet 
deep and commonly dug to bedrock, in the weathered, fractured surface 
of which water is available. No drilled wells have been recorded and 
the possibility of good water being found at depths of 50 feet or 
more in the bedrock is not too encouraging, as salt water is commonly 
found at such depths in the adjacent areas. Wells in patches of 
outwash gravel along abandoned stream channels are dug for house- 
hold supplies, but not all such wells yield an abundance of water. 

Township 13, Range 29. The surface of this township is uneven 
and hilly, isolated hills being common east of the 1,650-foot contour. 
Niso Creek enters the township in section 18 and leaves in section 2. 
Ground moraine composed of glacial till covers the township with 20 
feet of buff weathered till overlying more compact clay-rich till. 
Patches of outwash sand and gravel are found along small abandoned 
channels, 

The wells in this township are deeper than in those to the east, 
most of them being more than 50 feet, These wells are dug to lenses 
and pockets of sand and gravel in the clay-rich till and commonly 
yield sufficient water for household use. Two or more wells may be 
needed to assure a supply if a dugout has not been built. 

In NE. a section 34, an abandoned well was drilled 103 feet to 
a layer of black sand below blue clay and the water obtained was 
under sufficient pressure to rise 100 feet in the well. A dug well 
14 feet deep in NE. z section 2h yields good water from a layer of 
gravel about 5 feet thick. This well supplies the neighbouring farms 
with drinking water. At Manson wells have been dug 60 to 72 feet and 


encountered only water too alkali to use. 
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Township 14, Range 26. The belt of end moraine forming the 


Arrow Hills crosses the northeast quarter of the township. The 
surface of the end moraine is hilly, some hills being till and 
others gravel. The central part of the township is relatively 
flat with lakes in undrained depressions in impervious clay. 

Outwash plains of sand and gravel in sections 5, 6, and 30 
are excellent aquifers that are tapped in many places by sandpoints, 
In the end moraine pockets of gravel are sources of water of good 
quality. In the ground moraine that covers the rest of the township 
wells are dug to lenses or pockets of sand or gravel. These are 
20 to 30 feet deep and yield sufficient water for domestic and 
stock use. lore than one well is, however, needed on a farm to 
assure an adequate supply. In sections 24, 25, 35, and 36 wells 
are drilled 80 feet to a layer of sand that yields hard, clear 
water with some iron, sufficient for 100 head. In SE. # section 
14, a dry hole was drilled 485 feet, reaching shale at 134 feet. 

A total of 29 holes were dug 28 to 32 feet deep on this quarter, of 
which only four remain. These have from 10 to 12 feet of hard, clear 
water but may go dry in seasons of less than normal rainfall. 

Township 14, Range 27. Assiniboine Valley crosses this 
township from section 30 to section 2. The river meanders on a wide 
valley floor and some meanders are cut off to form ox-bow lakes. 
finnewasta Creek joins the Assiniboine in section 28. Ground moraine 
covers the township except near the edge of the valley where outwash 
gravel and sand are present. 

East of the valley wells are dug in outwash sand and yield a 
sufficient. supply for farm use. Wells in ground moraine on either 
side of the valley reach lenses of sand or gravel in the till that 
yield a small supply not sufficient for farm use and dugouts are 
needed. In N.W. 2} section 25 a well drilled 109 feet through blue 


clay reaches an aquifer yielding hard, clear water with some iron. 


i ' seldiee x) 
$ ecenoys eLLtH 


| ase e sostain 


, Lies: Ltd omoe; yy thie ae. 
" ubtddn 2 atomot Ms 30 ses tr af fem wri; 


SN oe Sah ls 
, CE ns «2 of Se von oe 


cedatogbas ‘Wiessale hae ty becges "aan 33 er Ma! rar § seobtonae one Te 


son tee nee Te PN he 


(1 Sak 


sitenos sé be, Sobre eil4 aemton! tld enkaee, Sees GENIE ot ytiiaep. 
; aan aq 


the C + ‘wands afl wend 
one event ofovety, to base to ededzoq to -esenel oF sb aig! 

i i ® “ns ag y | awe LL d ‘waje 
‘tans ideas ot poten “dao ko hue phone bao b ofc joe? 0€ od oS 


‘98 mat a m0 beboon {tevowad ced Liew ono nadt ero -9au 2008 


i! -S ey" aw | 


alisw o€ baw .2€ as 88 anodoee al sclaque euupsbi om exiens ; 
med cia ebley ens brise. to aeyst 6 ot eot 08 betLinw! yin . 


rabiete. 4 a2 al. pied 061 ‘tot ineioltive (aod ontoe “ide ante 


rvs 7 Sv 


| -yitee’d AOL Js sass. gutioser cee 28h bsttiep esw ofad wb @ gtk 
| Bo oa'iop 22H ao goed! $600 'SE oF 88 ub enaw woLoul QS Yo Lasee A 


taals bried “to goat" Si of OL mort’ eved enedt ~bemet not ‘yfao det, 
, fe taken ‘Leerton pare eeol to" anes ak vib vin ys dod edew 


elds aeaeot9 weLisy ontod ites” 


wot 8 HO enobnesm eves ont 5 notiose of Oe noisoes nor xidermod 


ia) 


swede t. wod=xo ago ot Ye dug ote: srobnson once ion s0oLt voLisy 


ontte ion ‘hapow BS -mikiooe: nt ontodiiieek ‘ends Saint wood steswonutb 


— or ache —— — 10 enbs eft ts98m aeaae qtlemwos eat oe 


.dooee1d os base bits’ lovers 


a hioti, bie base deawiue nt'aub ons’ eitew alley ert 20 deat 
» i Wee » pat 


teitls no ‘ombirxom Demet ek eLio 1924 nets t 70% nchgasee: sre tok ive 4 


“se rhe : 


saad i013 od? ah Kowang 40 tne to-gounel dose waLiay on 20 Ohbe , 
vide aden ons. eau arte 102 dootattiwe Jou aque eme & piu’ 


; if een T> 
utd dgiuvoruis 148% eos bo LLbab {lew 8 %S moidoes y oi at —— 
ie ane a) i wir ay GC 


enor’ smo’ Ad bw: wien whats bted arin ory setups ns serosa yelo” 
a i lie 


| 


aoe 


Township 14, Range 28. Ground moraine covers the entire 
township, although it is not more than 20 feet deep in part of the 
southeast quarter. Its surface is uneven with undrained depressions. 

The water supply is rarely sufficient and dugouts are needed 
on most farms. In the southwest quarter wells are dug to bedrock 
and an abundant supply is available in its weathered and fractured 
surface, but elsewhere wells are dug into glacial drift and the 
supply commonly fails during the winter months. At Willen a well 
drilled 70 feet yields alkali water from an aquifer in blue clay. 

Township 14, Range 29. A narrow belt of end moraine trends 
southeast across the township from section 33 to section 13. This 
has a hilly, rolling surface that grades into the more even surface 
of the ground moraine covering the remainder of the township. 
Patches of outwash gravel along abandoned stream channels in sections 
7, 13, 18, 29, and 36 are excellent aquifers and wells less than 12 
feet deep into them yield an abundant supply of water. The water 
for most of the township is pumped from an aquifer of fine black 
sand below blue clay at an elevation of about 1,580 feet above sea- 
level. Wells 50 to 70 feet deep reach this aquifer and yield a 
moderate supply of water, most of which is alkali. The supply may 
fail in seasons of less than normal rainfall and dugouts are built 
to assure that sufficient water will be available at such times. 

In SW. + section 2, a well 103 feet deep obtains water at 100 feet 


through the fractured surface of the bedrock. 


Analyses of Water Samples 


Discussion of Water Analyses 
Twelve samples of water from the Elkhorn area were analysed 
by the Mines Branch, Department of Mines and Technical Surveys, 
Ottawa. The numbers in the first colum are for laboratory 


identification only and have no special significance, 
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Samples Nos, 4083, 4084, 4109, 4111, and 4112 are from wells 34 
to 54 feet deep, dug to lenses of sand or gravel in blue clay, The 
five analyses are of water of much the same type. Each has a high 
concentration of the constituents analysed, and hence the waters are 
very hard. Sample No. 4112, in particular, is of water with an 
exceedingly high concentration of all the constituents, and in 
consequence has a bitter taste and precipitates a scale on pots and 
pans. These samples are typical of much of the ground waters of 
southwestern Manitoba. 

Samples Nos. 4082, 4081, and 4108 are from wells along Niso Creek 
that are dug 30 to 60 feet to aquifers in the bedrock. Sample No. 
4082, from a drilled well 60 feet deep, is of soft water with a 
concentration of sodium and chlorine. Sample No. 4108, from a dug 
well, shows a more balanced concentration of each constituent and 
the water is very hard. Sample No. 4081, also from a dug well, is 
excessively hard water and shows a greater concentration of every 
constituent than in the other two samples. All three wells apparently 
reach the same soft—water aquifer, but only in the drilled well, which 
is cased, is contamination from higher, hard-water aquifers prevented. 

Sample No. 4107 is of relatively soft water from an aquifer in 
bedrock, The well is drilled 242 feet and reaches shale at 180 feet. 
This is a good quality water. 

Samples Nos. 4110 and 4079 are taken from wells that reach 
aquifers in bedrock. The wells are about 15 miles apart and have 
elevations of 1,628 and 1,634 feet respectively. Sample No. 4079 is 
taken from a drilled well 103 feet deep. The water is very soft, the 
large amounts of sodium, chlorine, and bicarbonate combining to form 
natural softeners for the water. This well is cased and not contaminated 
by the water from the overburden. Sample No. 4110 is from a dug well. 
Most of the water comes from the shale, but there is sufficient 


contamination by water from the overburden to render the water hard and 


alkali. 
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Sample No. 4080 is taken from a dug well 45 feet deep that 
reaches an aquifer of black sand underlying blue clay. bedrock is 
about 50 feet from the surface of the ground. This water is very 


hard with a high concentration of sulphates. 


val 


cae 


7 . 7 if wi 
Ted C y J 
NSP an At Be Aa 


iy SSW Binds Di : he 


LN yee of pee en 
ie ie seeaipmatioe eh 
aA’ " ae 


Pi ei bh a rheasaanein 


ita! ee enn ni 


1 ce he dee cles sin ee ale ine 
A ; i . 5 Bet, 
ae wb bhi 4 ( ‘es bloat i ois wa ~ ai ise ia wo wes | ; oy: 
ro) Dee cen : ae et yal bah Mas hile ve hee oo rans bali ts ; 


hg : nos ays Te kn wilt atk @et ltd ned ieaiee igg? Sa ial’ 


| ar “a 
: - : i J 
in be OP eae é r Pe ay Are he a ra.) Ai ny ¢ Lights é eo 


ne alin a wiv ee ae eee: ee ‘ahh Pe a 
ee ee 


i ere a 
(ee ce ee ee ee 


x 


x : te i Deas ' sae d ’ J iy Capet ; FLA eis 9 
te hg a 
Soe “4 4 7 - / tae 
Acre, suet eh rigs’ syle, (OL OR) av ae ai: > oe 
. - ; , ‘ i if in vn , oe 
; - : be ‘ +, a 
man Pile | Mae 32) SORE a) a "ay Sie NY) Wy oem iy i pate : , ‘is Abia 


“way Mer me a ee ene vn i 
. , . ' ibe . Wife | aa MS ddan er) ma sa is 
chai’ ee leg OY Meh A? | GER AT aby ha, ia pe oe eee 

vy biel at hol Sab ahem wt! eevee as a " 7 
: ifeen » fi Oe? Gingegh ee | 


A ' yatta QS, giipen! #8 uy ‘Tike: ibn 4 ie 2 


| Ls Lay oe Ai im} 
iwi 2 Nae fc eke ae. ira died 
is) : . i . ey lis 
PRE SB as, rit reales ferent rh “Shoat, fi mee a 
4 ; ‘ r Pre. nf uF er 
i : Lie om : hi ‘8 ey. , a) ho ee ¥ ¥r ‘ 


ti : ’ 

“i N| u § 

ae | . "pal , Nps ry etl ‘ane nil ie 
| Ea Be ee ‘ iD 
y “wine 1 1 fe dip (we ‘seimat Hy al 

Ne | ne 
Ni Hehe eye irc. uh 
iF 1D cttPAL 


pues - °ps 
od tage - °yUs 
e[To - °*To 
Teaeizs - *di3 :sazejtube azoy pesn stToquds x 
9°67 12° O91 2°SSZIv°S ES? |9°69T?| 0 °862] 7° 79S |O*OLE| | GLHGiPS | Sr JOTLTTE °V WdM 62} vL] 9c} I] Ogor 
O°ST9 18°6T4| vv |C°OOcLIyvy {O*OrOT] v°6 [O°ZT ooZ2}|Us | €OT IOTMOT *D WdM 62} vl Zi NS | 6cor 
0°966 L°TH9] 4°6415° vO'd |e°-2Z6ST) 0°0991 6° ELZ jo ela | vdGEl|us | Sv AqLtTM *¢f *M WdM 6q CLIOE] ANI OITy 
O° cS 7" TSS 0) me G*SGcvlO°vor|O°St jo°4r pect us | eve 83005 *M MdW 6q TT] SCI MN ZOLp 
O°P9CIT° ec] 9°S9IB"ESTIE’9CSI1O°SEZI4Z°SS [Q°vIT] | govlus | 0G yeiq °H Nd 8d CLI ve] BS | SO 
7°STL9° 248 10°988 age O° tEcie Tee 1GFZG ect | OGGtius 1 0Fe ®8T9D °*D Naw Za €L| 9 IES | Tg0r 
O°9TOL SZ (T°Z 9°66CL:9° TY9 =< tk wee VGLE\US | 09 UOSLeM °U MM ZG SLILE HN | 2g0r 
O°STA6*ZEC| O j9°C4S je°S9EvIO’OFOT| Z°Te9 I€°L6E] | Q46Z/°LO | vE uryund *O Wd 24d LL|6L] aS |ert+ 
0*6612°€6S | v° Ofc |e° 472 IZ°GoLTIO°SES|Z4°Sre f° ce HI6E/IS | HE TT°pO °H WdwlZe | TLTI9L |S |60Tr 
Ot0T ele’ Ot 14° 262. |CSZ0T |6-2Ec/0"°9£ (9°SST lor6cel | o¢ez GE dder, °T WMdm92] LLiec|gas |€30r 
€°ESEE] B°S60Z1S *ZS | | O° cL91 9°6T§19°S9T I E° EvT |O’6CZZ] 0° 96TI E°60S lo*Sevl | eGecraze | 0S ITCTOUTS *Y INdM 9} TL] 8 IMS lR0r 
eerie ls ee Gc> jel OWT 8°9tS| 50 @ 1S20T 10°S9Z10°6S 1O°SSL 0° Ge 8697 4G | Uuosueydeys *Y MEM 9c TLS | MN 
eee Fl Se ee eee| Pose LEG les (GE | (228 | 84 3 : Ete gave tee 
je) >: a a O Won 53 ~O Do | fas) 7 3 0 > ° o~ ct 0) b> }09 uy 
kr @ > aQkr WwW KH ww a) AES. ak (4) fh 8 Qs Fy ESS. ry 210 163) }- 
5 Fy Oi: SENSE ct bh. ie) 9 a 5 b- ® @ (o) }- sz Oo 
= = g Qs O° oO Q. ct wn H & A. a} Oo oO S 5 eS) 
© OF 2] 09) 40) § o~H ct Fy 
kK @ (4) WO Ck ~@ Hg oe 
g to i o S&8 a 
a ot E 
on 149) 
Q 


QATTyu sed sqyred) 
(Eqo0eD)Sse ssouprey 


(UOTTTTW aed syaed) 


pesfkTeuy se squenytysuog 


a if 
. aosnenget’ .# eT 
G@Seixg | OF «tsfonté .ff a 
OSSS ze qqaT od me 
$< BS f. SOE} | ALEC) -7g RE {repo .H oe 
g.199 E.FeE} |. NET plo | AE ntistewd .D : 
SLT Ef cia | Od nocsgW .1 PMS 
| OdREjde | OF - g@f09..2 % 
| Sdaz)de POR exint@ i * | 


$CSifi.de | SbS ' gfjseod .W 
Si SveEl de | oS ydrid .b wi 


| COysia 7} EGL tolwot .D 
Cy Rei -be eu FoLila «A | AC] BS} Gk F080 
.18 i@tolisos tot bees elodmys & 


He ee 


{eva ts 
, | | ~s - «42 | 
: g Bas. - G2 
. =: ize < a 


Se he 


Record of Wells 


The well records of this area follow in tabulated form. A 
commentary on these has been made on page 1 of this report. 

As a rule the depth to the 'principal water-bearing bed! 
has been taken as the total depth of the well, and its elevation is 
given as such. This commonly applies to wells drilled in bedrock 
or those obtaining water from sub-artesian or artesian aquifers in 
glacial material or bedrock formations. For these wells digging or 
drilling is continued until a good supply is obtained and then 
operations are stopped. In shallow surface materials, not over 30 
feet deep, wells are usually dug a short distance below the water~ 
table during a dry season and thereafter water may enter or leave the 
well at any point below the water-table. The height to which water 
will rise in the well depends on the amount of rainfall received 
during the season. For the season in which the survey was conducted 
the rainfall was more than normal for the district and the figures 
given for the height of water in the dug wells is, consequently, 


above average. 
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Map - Whitchurch township, York county, Ontario: 
Figure 1. Map showing bedrock formations and 
surface deposits; 


Figure 2, Map showing the topography, and location 
and types of wells. 


INTRODUCTION 


This report deals with the ground-wnter conditions of a 
township in the province of Ontario investigated by the Geological 
Survey of Canada. It is one of a series of ground-water roports 
on individual townships of Ontario. 

All.available information pertaining to the water wells 
in the area was recorded and water samples were taken for analysis. 
The elevation of the surface of the water in most of the wells was 
measured. As the ground-water conditions are directly related to 
the geology, the surface deposits were also studied and mappede 

Thanks are here extended to the fernere and te the reatieeer 
of communities throughout the area for their co-operation and willing- 
ness to supply information regarding their wells. Valuable assistance 
was also given by well drillers and: municipal waterworks authorities 
in the areas 

Publication of Results 

The essential information pertaining to ground-water 
conditiens is being issued in reports covering each township 
investigated in the province of Ontario. These reports, as published, 
will be supplied directly to the proper municipal and township 
euthoritiese In addition, pertinent data on wells investigated in 
each township will be kept on file at Ottawa. The well record 
compilation sheets will not ordinarily accompany the reports, as, 
for most areas, they are too numerous. However, persons interested 
in individual wells may receive the information upon application 
to the Chief Geologist, Geological Survey of Canada, Ottawa. For 
this information the request should specify lot, concession, owner's 
name, and approximate location of the well -- at house, at barn, in 
pasture, etCe 

With each report is a map consisting of two figures. 


Figure 1 shows the surface deposits that will be encountered in the 
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area, and Figure 2 shows the positions of all wells for which records 


are available, together with the class of the well at each location. 
GLOSSARY OF TERMS USED 


Alluvium. Recent deposits of clay, silt, sand, gravel, 
and other material deposited in lake beds and in flood-plains of 
modern streams. 

Aquifer, A porous bed, lens, pocket, or deposit. of 
material that transmits water in sufficient quantity to satisfy 
pumping wells, flowing artesian wells, and springs. 

Bedrock, Bedrock, as here used, refers to the consolidated 
deposits underlying the glacial drift. South of a line skeen between 
Midland, on Georgian Bay, and Kingston, the bedrock Bent ste mainly 
of sedimentary rocks such as limestone, shale, slate, and sandstone; 
north of that line the bedrock consists chiefly of hard, crystalline, 
granitic rocks, 

Contour, A line drawn on a map that pagaecaene ued points 
that have the same elevation above mean sea-level, 

Continental Ice-sheet, The ereats broad iceesheet that 
covered most of the surface of Canada many thousands of years agoe 

Escarpment. A cliff or relatively steep slope separating 
two level or gently sloping areas, 

Effluent Stream, A stream that receives water from a 
zone of saturation, 

Flood-plein, A flat part in a river valley ordinarily 
above water, but covered with water when the river is in floods 

Glacial Drift. A general term that includes all the loose, 
unconsolidated materials that were deposited by the 2 ice- 
sheet, or by waters associated with it, It includes till, deposits 


of stratified drift, and scattered boulders and rock fragments, 
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Several forms in which glacial drift occurs aro as follows: 

(1) End Moraine (Terminal Moraine), A mere or less 
discontinuous ridge or series of ridges consisting of glacial drift 
that was laid down by the ice at the margin of a moving ice-sheet. 
The surface is characterized by irregular hills and undrainod basins. 

(2) Ground Moraine, A widoly distributod mevaiue 
consisting of glacial drift deposited benonth an ice-shect, The 
predominant material is till, which is clay containing stones, Tho 
topography may vary from flat to gently rolling. 

(3) Kame Moraine. Asserted deposits of sandy and gravelly 
stratificd drift laid down at or closc to the ico margin, Tho 
topography is similar to that of an end moraine, Kame terraces are 
elongated deposits of this type laid down on the slopes of broad, 
flat-bottomed valleys, 

(4) Drumlin, A smooth oval hill that has its long axis 
parallel with the direction of ice movenant at that place, It is 
composed mainly of till. 

(5) Esker, An irregular-crested ridge or serios of 
discontinuous ridges of stratified drift deposited by a glacial stream 
that flowed beneath the continental ice-sheet or in deep crevasses 
within it. It is composed mainly of sand and gravel, 

(6) Glacio-fluvial Deposits, Silt, sand, and gravel 
outwash deposited by streams resulting from the melting of the ice- 
sheste 

(7) Glacio-lacustrine Deposits. Clay, silt, and sand 
deposited in glacial lakes during the retroat of the ice-sheet, The 
clay depogits are commonly very distinctly stratified in layers a 
fraction of an inch to one or more foet in thickness; each layer 
is believed to represent deposition during one summer season and one 
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(8) Kame. An isolated mound or conical hill composed 
of stratified sand and gravel deposited in a crack or crevasse 
within the ice or in a depression along the ice front. 

(9) Marine Deposits. Deposits laid down in the sea 
during the submergence that followed the withdrawal of the last 
ice-sheet. They consist chiefly of clay, Pes and sand, and have 
emerged beaches of sand and gravel associated with them. 

(10) Shoreline, A discontinuous escarpment that indicates 
the former margin of a glacial lake or sea. It is accompanied by 
scattered deposits of sand and gravel located on former beaches and 
barse 

Ground Water, Sub-surface water in the zone of saturation 
below the water-table. 

Hydrostatic Pressure. The pressure that causes water in 
@ well to rise above the point at which it was first encountered, 

TaeTeent Stream, A stream that feeds water into a zone 
of saturation. 

Impervious or Impermeable., Beds such as fine clays or 
shale are considered to be impervious or impermeable when they do not 
permit the perceptible passage or movement of ground water. 

Pervious or Permeable. Beds are pervious or permeable 
when they permit the perceptible passage or movement of ground water, 
as, for example, porous sand, gravel, and sandstone, | 

Porositye The porosity of a rock is its property so 
containing interstices or voids. 

Pre-glacial Land Surface, The surface of the land as it 
existed before the ice-sheet covered it with drift, 

Recent Deposits. Deposits that have been laid down by 
the agencies of water and wind since the disappearance of the 


continental ice-sheet; for example, albrvium-in-stroam valleys. 
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Unconsolidated Dopositse Tho mantle or covoring of loose, 
uncomentcd material overlying the bedrock, It consists of Glacial 
or Reecnt deposits of boulders, gravol, sand, silt, and claye 

Water-table. The upper limit of the part of the ground 
saturated with water, This may be near tho surface or many feet 
below ite Wator may bo rotaincd above the main water-table by o 
zone of impervious matcrials such water is said to be perched and its 
upper limit to be o porched wator-table. 

Wolls. Holes sunk into the ground so as a obtain a 
supply of water. Whon no wator is obtained they are referred to as 
dry holes, Wolls yielding water are divided into four classes: 

(1) Flowing Artesian Wells, Wolls in which the water is 
under sufficient hydrostatic pressure to flow above tho surface of 
the ground at the well. 

(2) Non-flowing Artesian Wells, Wolls in which the water 
is under hydrostatic pressure sufficient to raise it above the level 
of the aquifer, but not above tho level of the ground at the well, 

(3) Non-artesian Wells, Wells in which the water does 
not rise above the water-table or the aquifer. 

(4) Intermittent Non-artesian Wells, Wells that are 
generally dry for a part of each years 

Zone of Saturation, The part of the ground, below a 


woter=-table that is saturated with water. 
’ GENERAL DISCUSSION OF GROUND-WATER 


Almost all the water recovered from boneath-the earth's 
surface for both domestic and industrial usos is meteoric water, that 
is, water derived from the atmosphere. liost of this water reaches 
tho surface as rain or snow. Part of it is carried off by streams; 


part evaporatce either directly from the surface: and from the upper 
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mantle of the soil or indiroctly through transpiration of plants; the 
romainder infiltrates into the ground to be added to the ground-wator 
supplies, 

The proportion of the total procipitation that infiltrates 
from the surface into the zone of saturation will depend upon the 
surface topography and the type of soil or surface rock. - More water 
will be. absorbed in sandy or gravolly areas, for oxample, than in 
those covered with clay, Surface run-off will be greeter iim hilly 
areos than in those that are relatively filet. In sandy regions where 
relief is great, the first precipitation is abserbed and run-off 
only commences after continuous heavy rains, Light rains falling 
upon the surface of the earth during the growing season may be wholly 
absorbed by growing plants, The quantity ef moisture lost through 
direct evaporation depends largely upon temperature, wind, and 
humidity. Ground water in areas overlain by pervious moterial may 
be recharged by influent streams carrying rmeoff from areas overlain 
by relatively impervious material. 

Because of the large consumption of ground water in 
settled areas, it may seem surprising that precipitation can furnish 
and FOES supply. However, when it is borne in mind that a layer 
of water 1 inch deep over an area of 1 squcre mile amounts to 
approximately 14,520,000 imperial gallons, a that the annual 

precipitation in this region, for example, is about 30 inches, it 
will be seon that each year some 435,600,000 imperial gallons of 
water falls on each square mile, Although it would be impossible 
to determine the ennual recharge“of the ground-water supply of the 
area, if it were assumed that only 10 per cent of the total 
precipitation, nomely 43,560,000 gellons, is contributed to the 
zone of saturation, it will be seen that the annual recharge for 


the entire area would be a very large volume. The annual consumptior 
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of wator in all areas investigated is not known, but an estimate for 
Some restricted areas, based on per capita consumption, shows it to 
be only about one-tenth of tho annual recharge as estimated above. 

In most regions of the world where reed ptterien is 
effective there is en underground horizon known as the groundswater 
level or water-table, which is the upper surface of the zone of 
saturation. The water-table commonly is a subdued replica of the 
surface topography. The weter that enters from tho surfacc into 
the unconsolidated deposits cnd rocks of the earth is drawn down by 
gravity to where it reaches the zono of saturation or comos in 
contact with a relatively impervious layer. Such a layer may stop 
further downward percolation, resulting in perched water and creating 
a porched water-table.. If a water-table is at or near tho surface, 
there will be a lake or swamps; if it is cut by a valley,. there will 
be a stream in the valley. ‘The eer influent and offluent are used 
with roference to streams and their rolation to the watur-table. An 
influent stream flows above the water-table and feeds water into the 
zone of saturation; an effluent stream flows at or below the water- 
table and receives water from the zone of saturation. An effluent 
stream may become influcnt and eventually dry up if the water-table is 
lowered sufficiently. Tho ground water in the zone of saturation is 
almost nena aaty on the move percolating towards some point of 
discharge, which may be a spring or a pumping well. 

All See and soils are to some degree porous, that is, the 
individual grains or particles of which thoy are composed are partly 
surkeanded by minute interstices or open spaces that form the 
receptacles and conduits of. ground weter,. In most rocks and soils 
the interstices are comocted and large enough for the water ‘to move 
from one opening to enother, In Some rocks or soils, however, they 


aro largely isolated or too small to allow movement of water. The 
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porosity of o material varics directly with the sizo and number of 
its intorsticus, which in turn depend chiefly upon the size, shapo, 
arrangement, and degrcoe of assortment of the constituent particles, 
Horizons within the earth's crust of fine-grained rock such as 
shale, limestone or dolomite, or unconsolidated clay or silt, may 
have such small interstices that the contained water will not flow 
roacily and wells penetrating them may derive little or no water from 
theme Such horizons are considered impervious, Beds of more 
coarse-grained matcrials such as sand, gravel, or sandstone have 
greater porosity and readily yield their waters to wolls, They aro 
called woter-bearing bods or aquifers, A clean water-bearing gravel 
is ono of tho bost sources of waters This is true whether the water 
is derived from the zone of saturation or from a bed of gravel 
confined above, between, or below beds of less pervious material. 

Consolidated rocks usually considered to be impervious may 
sometimes produce water in relatively good supply from openings 
within them of primary or secondary origin. Those of primary origin, 
original interstices, were created when the rocks came into existence 
as a result of the processes by which they were formed; o.g, bedding 
planes, and intergranular spaces. Secondary interstices comprise 
joints and other fracture openings, solution openings, and openings 
produced by several processes of minor importance, such as the work 
of plants and animals, mechanical erosion, and recrystellization; all 
of these involve movement of a type that acted after the consolidation 
of the rock, The most important interstices with respect to water 
supplies are the original intersticos, next to them are the fracturo 
‘and solution openings, 

The most common wells and those that in drift-covered areas 
yield the largest aggregate supply of ground water are water-table 


wells, Those are wells that derive thoir water from the zone of 
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saturation, Many shallow wolls bocome dry during the lato swmer 
and winter, or during periods of extreme drought. In most cases 
this is due to the lowering of the wator-table below the bottom of 
_thowoll. Tho grouping together of a number of water-table wells 
within a limited arca will also lower the yield of any one of the | 
wells, This is especially truce of watcr-producing formations of low 
permeability. Whon a well penetrates an aquifer confined by 
impervious beds, water will bo forced upward by hydrostatic pressure 
exerted at the point whore the well enters the aquifer. If the 
hydrostatic.pressure is great enough to force the water to or 

above the surface, a flowing well is formed. 

Springs are formod where the water-table, or some water~ 
bearing aquifer, outcrops at the surface of the ground, ‘The water 
cmerging from water-table springs is free-running waiter flowing 
down the gradient of the wator-table. In many casos thuso springs 
occur as slow seeps along the steeper slopes of stream valleys. A 
large number in one arca could maintain a swamp. A group of 
permanent springs occurring in one area could provide sufficient 


water to maintain a lake or form the source of a stream, 
GENERAL DISCUSSION OF GROUND-WATER ANALYSIS 


The mineral oontent of ground water is of intorest to many 
besides those iridustries seeking water of specific quality. Both the 
kind and quantity of mineral matter dissolved in natural water depend 
upon the texture and chemical composition of the rocks with which the 
water has been in contact. Pollution is caused by contact with 
organic matter or its decomposition products, Analyses of well waters 
for mineral content are made by the Mines Branch, Department of Mines 
and Technical Surveys, Ottawa. 

In any given area, an attempt is made to socure samples of 


water representative of all major aquifers. The quantities of the 
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various constituents for which tosts aro mado aro given as "parts 
por million", which refers to the proportion by woight of cach 
constituent in 1,000,000 parts of wator,. 

The following mineral constituents are thosc commonly 
found in natural wators in quontities sufficicnt to have a 
practical effcet on the value of the waters for ordinary uses: 

Silica (S40, ) may be derived from tho solution of almost 
any rock-forming silicate, although its chief source is tho foldspars. 
It is commonly dotermined in the onaolysis of water for use in steam 
boilers, as silica is classod as an objectionable encrustante 

Calcium (Ca), ‘The chief source of calcium dissolved ih 
ground water is the Sotever of limestone, gypsum, and dolomite. The 
common compounds of calcium are calcium carbonate (Caco, ) and calcium 
sulphate (CaSO,), neither of which has injurious offects upon the 
consumer, but both’ of which cause hardnoss end, the former, boiler 
scales 

leeuoetun (Mg). The chief source of magnesium in ground 
watcr is dolomite, a carbonate of calcium and magnesium, The sulphate 
of magnesium (MgSO, ) combines with water to form Epsom~salts (ligS04.7H20), 
end renders the water unwholesome if present in large amounts. 

Sodium (Na) is found in all natural waters in various 
combinctions, though its salts constitute only a small-part of the 
total dissolved mincral matter in most waters in humid regions. Sodium 
salts may be present as a result of pollution by sewage, or of 
contamination by sca water either directly or by that enclosed in 
sediments of marine origin. Moderate quantities of these salts have 
little effect upon the suitability of a water for ordinary uses, but 
water containing sodium in excess of about 100 parts per million mst 
be used with care in steam boilers to prevent foaming. Waters 
containing large quantities of sodium salts are injurious to crops 


and are, thoreforc, unfit. for irrigation. The quantity of sodium salts 
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may be so large as to rendor o water unfit for nearly all uses, 

Potassium (K), like sodium, is derived originally from 
the alkaline feldspars end micas, It is of minor significance and 
is sometimes included with sodium in a chomical analysise 

Iron (Fe) is almost invariably present in well waters, 
but rarely in largo amounts. Salts, or compounds, of iron are 
dissolved from many rocks as woll as from iron sulphide deposits 
with which the ground water comes in contact. It may also be 
dissolved from well casings, wator pipes, and other fixtures in 
quantities large enough to be objectionable. Upon exposure of the 
water to the atmosphere, dissolved iron separates as the hydrated 
oxide that imparts a yellowish brown discoloration. Excessive iron 
in water causes staining on porcelain or enamelled ware en” renders 
‘he water unsuitable for laundry purposes. Water is not considered 
drinkable if the iron content is more than 0.5 parts per million. 

Sulphates (SO,). Deposits of gypsum (CaSOge2H20) are the 
principal source of sulphates dissolved in ground water; soluble 
sulphates, chiefly of magnesium and sodium, are other sources. 
Sulphates cause permanent hardness in water end form injurious boiler 
scale, Sodium and magnesium sulphates are laxative when present in 
quantities of more than 900 parts per million. 

Chloride (Cl) is derived chiefly from organic materials or 
from marine rocks and sediments, It occurs usually as sodium chloride 
and less commonly as calcium chloride and magnesium chloride. Sodium 
chloride Mexe characteristic constituent of sewage and a locally 
abnormal amount suggests pollution. However, because chlorictes may 
be derived from many sources, such abnormal quantities should not, 
in themselves, be taken as positive proof of pollution. Chlorides 
impart a salty taste to water if they are present in excess of 500 
parts per million. 

Nitrates (NOz) are of minor importance in the study of 


ground water. Relatively large quantities in a water may represent 
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pollution by sowage, or drainage from eee air or even from 
fertilizod ficlds, It is recommended that a bacteriological test 
be made of water showing an appreciable nitrate content if it is to 
be used for domestic purposes, 

Carbonate (C03) forms o large percentage of tho solid 
compounds held in solution by the average groun’ water. The two 
chief sources are the docomposition of feldspars and the solution | 
of limestone by water carrying carbonic acid in solution, which 
is the primary agent in rock decomposition. They are indicated 
in the table of analyses as alkalinity. Caleium and magnosium 
carbonates cause hardness in water, whereas sodium carbonate causes 
softness. 

Bicarbonate (HCOz), Carbon dioxide dissolved in water 
renders the insoluble calcium and magnesium curbonates soluble as 
bicarbonates, Boiling reverses the process by changing tho bicarbonates 
into 4nsoluble carbonates, which form u coating on the sides of 
cooking utensils. 

Total Dissolved Solids (Residue on Evaporation). The term 
is applied to the residue obtained when a sample of water is evaporated 
to dryness, Waters are considered high in dissolved mineral solids 
when they contain more than 500 parts per million, but may be accepted 
for domestic use up to that point if no better supply is available. 
Residents, accustomed to the waters, may use waters that carry well 
over 1,000 parts per million of total dissolved solids without 
inconvenience, although persons not used to such highly mineralized 
waters would find thom objectionable, 

Hardness is a condition imparted to waters chiefly by 
dissolved calcium and magnesium compounds, It here refers to the 


soap-destroying power of water, that is, the power of the water 
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first to usc a certain amount of soap to procipitate the above 
Compoun s before a lather is procucod, Tho hardness of water in 

its original state is its total hardness, Permanent hardness remains 
after tho water has been boiled, an’ is caused by mineral salts that 
Cannot be removed from solution by Soi vhe It can be reduced by 
trouting the wator with poses pottcnoree such as ammonia or sodium 
carbonate, or with many manufactured softeners, Tomporary hardness — 
can be climinated by boiling, and is due to the prescnce of 
bicarbonates of calejum and magnesium, Waters containing larger 
quantities of secium carbonate than of calciym and magnesium compounds 
are soft, but if the latter compoynds are more abuntant the water is 
hard. The following tadlo* may be used wo jndicate the degree of 


hardness of a wator; 


Total ay 


Parts per million Character 


0-50 COCTECH RTH TFET EHC EF HEME RBEERES Very soft 
50-100 PADS Cee HOS EEEHHR COO REEe SOHO EES® Moderately soft 
LOO-150 serecccoogevoesersencgoceceesore Slightly hard 
150-200 ceccccccccsveccovepeseccosseones Mocerately hard 
200-300 Sorrorseereseseresgeeeeegeeerees Hard 
$00 and over eoeconccccrcogvascccogeceses Very hard 


8. 
Thresh, J. ©., and Beale, J, Fe; The Examination of Waters and 
Water Supplies, p. 21, London, 1925, 
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PART ir 
WHITCHURCH TOWNSHIP, YORK COUNTY, ONTARIO 
Physical Features 


Whitchurch township, an area of approximately 103 square 
miles, is in the east-central part of York county, southwestern 
Ontario. Its eastern boundary is the county line between Ontario 
and York counties, and its western boundary is Yonge Street. It 
is bounded on the north by East Gwillimbury township and on the 
south by hiarktam township. 


The greater, northern, part of the area has rolling 
topography characterized by abrupt hills and deep, basin-like 
hollows. The southern part of the area is flat or gently undulating; 
smaller flat areas occur in the north-central part of the township 
and to the north of Musselman Lake, the latter being a sandy plain. 
A well-marked divide extends across the township 2 to 4 miles north 
of, and parallel with, the southern boundary of the township. It 
forms a part of the height of land between Lake Simcoe and Lake 
Ontario. 


A number of small lakes occur throughout the southern 
part of the area. The largest of these are Wilcocks, Bond, St. 
George, and Ressor Lakes in the southwestern part of the township, 
and Musselman Lake in the east-central part of the area. Wilcocks 
Lake is the headwaters of Hast Branch Humber River. The township 
is drained by Humber, Holland, and Black Rivers, and by the head- 
waters of Rouge and Little Rouge Rivers. Holland River heads to 
the west of Musselman Lake and flows in a westerly direction to 
near Aurora where it bends sharply to the north, continuing in that 
direction until it leaves the township at Newmarket. It occupies 
a narrow, shallow valley from its head to Aurora, but from Auroro 
to Newmarket its valley is wide and fairly shallow, Tvo large 
tributaries of the Holland River flow in a northwesterly direction 
across the northwest corner of the township. Black River and 
Vivian Creek head in the northeastern part of the area and drain 
northward into Lake Simcoe. Several small streams that form the 
headwaters of Rouge and Little Rouge Rivers flow in a southerly 
direction from the heizht of land and drain the southern part of 
the area, 


The township as a whole has a relief of more than 450 
feet. The highest elevation is in the eastern part of the height 
of land, con. IX, lots 13 to 14, where an elevation of 1,225 feet 
above sea-level is attained. In its western part the height of 
land has an elevation of more than 1,075 feet. The elevation of 
land decreases gradually to the north and south of the height of 
land, being apvroximately 900 feet above sea-level along the eastern 
part of the northern boundary, 772 feet at the town of Newmarket, 
and 800 feet along the central part of the southern boundary of the 
township. 


The mean annual temperature of the area is 44,2 degrees 
Fahrenheit, Normal annval precipitation is 28.4 inches with the 
greatest amount of precipitation during the months of June, July, 
September, and November. These figures were reported for Aurora, 
in the western part of the township. 
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Geology 


Bedrock Formations, Bedrock does not outcrop in Whitchurch 
township and the type of bedrock that immediately underlies the drift 
is not definitely known. A general discussion of bedrock geology of 
the area is included in Part I of this report. 


Unconsolidated Deposits. In the Toronto region, some 20 
miles south of Whitchurch township, there is evidence of at least 
three successive advances and retreats of the continental ice-sheet. 
There, three distinct deposits of glacial till, separated by 
interglacial deposits of stratified sand and clay, are exposed in 
the lake-shore bluffs, In Whitchurch township, however, only 
those deposits laid down during the last movement of the ice-sheet 
are exposed at the surface. Older deposits of glacial drift and 
interglacial deposits doubtless compose some of the great thickness 
of glacial drift that is known to exist in this area. 


In lot 4, con. I, a deep well drilled on the farm of 
J. H. C. Durham, Bond Lake, penetrated 570 feet of glacial drift 
before bedrock was encountered. This is the only locality in the 
township where the thickness of the drift is definitely known, 
but some conception of the thickness of drift at different places 
in the area can be ascertained from the following table: 


Thickness of the Glacial Drift 


Well No, | Concession | Lot | Depth to bedrock(feet ) 


x oe any 166 + 
| 1 | ih OM 570 
58 | a im 200 + 
3 i) Li 4 Lest 
ue ¥ 19 260 + 
L6 2 bis, Sibel 
19 a4 5a 160 + 
g | 1 ion 170 + 
L8 | 1 aetna 265 + 
3 | 1p nan 120 + 
15 br twit Bihan 200 + 
29 Hy a5 127 + 
10 1V ! aes LOWe’ 
it 1V | aie 190 + 
10 1V | TO 201 + 
8 | 1V thay. Set att a : 
V i; 
‘s Vv | LO. 195+ 
iy V | 205 i 150+ 
ae V1 Bal 87 + 
9 | v1 ian Aehie 114+ 
8 | vl | pie ei 110+ 
20 | vi1 i bie 90 + 
é | vu ere ee! 160+ 
7 Pe giit [Abate ae 
ue Vil) h H 
15 vl Lis ot i's Lor 
7 v1.11 22 | 100 
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Well No. | Concession | Lot | Depth to bedrock (feet ) 


V111 oh Li5ae 
i 1X 2k, eOied 


18 | be 1h 159 + 
| , 
| 


NOTE: The depths marked with a + sign indicate that the 
total thickness of glacial drift was not penetrated. 


Two large lobes originating in a single ice-sheet laid 
down the uppermost deposits of glacial drift in Whitchurch town- 
ship. The northern ice-lobe moved southward from the Georgian 
Bay district and the southern lobe moved northward from Lake 
Ontario. Glacial drift deposited by the southern lobe of ice 
appears to overlap the deposits of the northern lobe and to differ 
from them in composition. 


All the glacial drift deposited by the advancing ice- 
sheet and from the base of the ice during its melting constitutes 
the ground moraine. All of lots 1 to 5, cons, III to X, and most 
of lots 6 to 8 of the same concessions are mantled by ground 
moraine deposited by the southern ice-lobe. It is composed 
mainly of boulder clay, or till, but pockets, lenses, and 
extensive layers of water-lain sand and gravel are fairly numerous 
within the material, especially in the vicinity of Stouffville. 
The boulder clay consists of buff to blue clay with embedded 
pebbles and boulders of Trenton limestone, Gloucester shale, and 
some Precambrian rocks. Most of the material appears to have 
been derived locally. 


A small area in the northeast corner and another fairly 
large area in the north-central part of the township are 
mantled by ground moraine deposited by the northern ice-lobe. 

It is quite probable that some of the deposits between Aurora 

and Newmarket, which have been shown on the map as terminal 
moraine, may be ground moraine, but the rugged topography in this 
area suggests that the former interpretation is the more probable, 
The ground moraine in the northern part of the township is of 
much the same composition as that in the southern part, except 
that it is generally more sandy or silty and much of it is well 
stratified. It contains more Precambrian pebbles than that in 
the southern part and little or no Gloucester shale. Pockets of 
water—laid sand and gravel are common within the till, but appear 
to be less numerous than in the ground moraine of the southern 
part of the township. Terminal moraines formed by both the 
northern and southern ice-lobes, and which are more or less 
intermingled in an interlobate area, cover the greater part of_the 
township. These moraines have been described by F, B. Taylor.~? 


lthe Moraine Systems of Southwestern Ontario; Trans., 
Canadian Institute, Toronto, 1913. 


“voraines north of Toronto; Ont. Dept of Mines, vol. XLI, 
pt. i Ea 1932, pp. 56-60. 


The terminal moraine deposited by the southern ice-lobe 
is approximately 23 miles in width and extends from the southeast 
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corner of the area easterly across the township. The limits of 
its rough terrain are fairly well defined. Small lakes, among 
them Haynes Lake and Ressor Lake, are contained in some of the 
deep depressions that characterize the moraine topography. The 
material of the moraine is mainly boulder clay, but sand and 
gravel are not uncommon. A large area that is covered by 
stratified sand and gravel occurs in the southwest corner of 

the township, and several large deposits of gravel and sand 

occur immediately south and east of Musselman Lake. Pockets 

and lenses of sand and gravel appear to be fairly common, and 

in the eastern half of the area more or less continuous layers 

or tongues extend from the terminal moraine out under the ground 
moraine. A considerable amount of sand and gravel is encountered 
in deep drilled wells in most of the area covered by the terminal 
moraine, 


The limits of the terminal moraine deposited by the 
northern ice-lobe are not so well defined. The front of this 
moraine is easily recognized north of Wilcocks Lake, but it is 
less distinct farther east. In the area to the north of Wilcocks 
Lake and that mapped as terminal moraine between Aurora and 
Newmarket, the material consists mainly of boulder clay, but 
elsewhere, except for some knolls of boulder clay, the predominant 
materials of this moraine are stratified silt, sand, and gravel. 
Sand and gravel also occurs as pockets, lenses, or fairly 
extensive layers in the boulder clay. 


Streams that issues from the fronts of the ice-lobes 
during their melting transported large quantities of silt, 
sand, and gravel, and part of this material was deposited as 
outwash fans or plains in front of the moraines. In some areas 
the outwash materials are partly covered by glacial till due to 
a minor readvance of the ice-sheet, Where the streams issued 
from ice tunnels or ice channels, especially in areas of terminal 
moraine, the silt, sand, and gravel was locally bunched in hills 
or knolls known as kames. The outwash materials are mostly in 
the form of Kames, but in a large flat area to the north of 
Musselman lake they constitute a sand plain. Kames also occur 
in a small area to the south of Wilcocks Lake and in an area 
of considerable width that extends from south of Aurora easterly 
to Vandorf and then northeasterly through Vivian. An old drainage 
channel that is occupied in part by Holland River can be traced 
from Musselman leke westward passing south of Aurora. It marks 
the course of a large river that flowed between the fronts of the 
ice-lobes and probably was instrumental in depositing much of the 
sand and gravel there. In some places the sand deposits are at 
least 135 feet thick. Some of the outwash material is undoubtedly 
from the southern terminal moraine, but the greater part of it 
appears to have come from the north and northeast. 


Some alluvium occurs along Rouge River and its large 
tributary in lots 1 to 3, cons. IV and V, and alluvium may 
occur in parts of the Holland River Valley, although none has 
been shown there on the map. The flat valley that contains 
Wilcocks and St. George Lakes and the headwaters of Humber 
River is covered by thin deposits of sand mapped as 
alluvium, 
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Water Supply 


The boulder clay constituting the ground moraine is not 
a good source of water as most of it is sn compact that water 
soaks into or out of it very slowly, being held there by molecular 
attraction. Little water is, consequently, recoverable by wells. 
Where the boulder clay or till is sandy it may, however, prove to 
be a fair source of water. In some places water may follow small 
more or less tubular openings in the clay, and most wells that 
encounter these openings yield a fairly large supply of water. 
These openings in the clay probably connect with lenses or pockets 
of porous, water-~bearing sand or gravel within the till that are 
themselves good sources of water, They are very porous, and collect 
and store large quantities of water that is readily yielded to wells. 


The boulder clay constituting the terminal moraines has 
the same water—bearing properties as that of the ground moraine, 
and similarly the lenses of sand and gravel located therein absorb 
and store large quantities of water, much of which is readily 
recoverable by wells. In some areas, however, the sand may be 
so fine that wells become plugged and are rendered useless. 


The outwash materials consisting, chiefly of silt, sand, 
and gravel are very porous and absorb most of the precipitation 
that falls on them. Much of this water is readily recoverable 
by wells, especially if the deposits consist of coarse sand or 
gravel, If, however, the materials are composed of silt or fine 
sand the wells tend to plug, and are rendered useless, 


Alluvium in Whitchurch township is not an important 
source of water as the deposits are shallow and not extensive. 


The position of the water-table does not remain constant 
but fluctuates during the year and from year to year. The 
decline in precipitation during the period 1930-36 resulted in 
the lowering of the water-table, and a considerable number of 
shallow wells became dry. The water levels in a number of wells, 
in Whitchurch and adjoining townships, were measured periodically 
from June to September of 1937 and for some wells also in August 
1936. The results are given in the following table, These wells 
were not in use so that the fluctuations in water levels is 
believed to be the direct result of precipitation, evapo- 
transpiration, and other natural causes. A considerable amount 
of precipitation occurred during the months that the wells were 
measured, 


Fluctuations of the Water Level in Selected Wells 


ry 


Location | Depth Depth 
of well | Township of well Date of ,of water 
mes | (feet) measurement | (feet) 


| 
RoI} 9 | Pickering 55 Aug. 12, 1936 | 35.0 
| | sune 5, 1937 |“ ds5 
| July 19, 1937 6. 
7 
9 
Pickering 6) 
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Location | | Depth Depth 
of well Township of well Date of of water 
Con. Lot (feet ) measurement (feet ) 
VILE Pa 18 Pickering July 24, 1936 400 
June 5, 1937 40 
| dune 21, 1937 el 
July 19, 1937 Sah 
Auge 27, 1937 72 
dh Scarborough 16.8 Aug. 3, 1936 11,0 
June 7, 1937 507 
June 21, 1937 6.3 
July 19;':1937 Tel 
| Aug. 27, 1937 97 
Sept. 24, 1937 10.9 
II 25 Scarborough hhe7 Aug. 29, 1936 41.0 
June 7, 1937 3702 
July 19, 1937 373 
Aug. 27, 1937 36.6 
Sept. 24, 1937 Sq 
IV 28 Scarborough | 41.3 Sept. 7, 1936 18,0 
June Fy 1997 Te? 
| July 19, 1937 8.1 
Aug e Ris 96 
| Sept. 2h, - Ps 4 
IV 14 Scarborough Vise July 29, 1936 15.0 
June 7, 1937 5.0 
July 19, 1937 545 
Aug - ats 1937 5.6 
| Sept. 2, 1937 6.2 
VIII | 10 Markham peer: June 8, 1937 | 18.0 
| | | 18.9 
18.4 
) | 20.0 
| 2.6 
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July 19, 1937 | 
Aug 275-937 

Sept. 2h, 1937 
Sept. 5, 1936 
June 8, 1937 
vuly 3951937 
Auge 27, 1937 
Sept.24, 1937 
Sept.21, 1936 
June 9, 1937 
July ts 1937 


Auge 27, 1937 | ‘ 
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The conditions that produce flowing-artesian wells, 
both in bedrock and glacial drift, are many, They have been fully 
described by T, C. Chamberlainl, k, L. Fuller2, Howard E. Simpson, 


1the Requisite and Qualifying Conditions of Artesian wells; 
U,. S. Geol, Survey, 5th ANN » Rept., 1881, PPe 125-173. 


2 
Summary of the Controlling Factors of Artesian Flows; 


U, S. Geol. Surv., Bull. 3219. 


3Geology and Ground-water Resources of North Dakota; U. Se 
Geol. Surv., Water=supply Paper 598, pp. 46-18. 


and others, The essential conditions necessary for the existence 
of flowing-artesian wells are as follows: (1) An adequate supply 
of water in the intake area, i.e., the locality where the water 
enters the ground; (2) confining beds of some relatively impervious 
material that overlie the water-bearing beds and prevent the upward 
passage of the ground water; (3) the elevation of the intake area 
should be greater than that of the ground surface in the locality 
where the well penetrates the aquifer containing the water under 
pressure. 


The areas in which the flowing-artesian wells occur are 
chiefly in the south part of the township. The aquifers producing 
the flow-artesian wells are believed to be directly connected 
with the terminal moraines. These water-bearing beds consist 
chiefly of sand and gravel and extend from the higher ground in 
the terminal moraine areas to points below the till of the ground 
moraine. Precipitation falling on the terminal moraines enters the 
ground and follows down its hydraulic gradient along the more 
permeable beds to points where it is confined below the jd ob 
the ground moraine. The pressure of the confined water is 
sufficiently great to cause it to rise into any well that may 
penetrate the beds in which it exists. 


Thirty holes in the township failed to encounter water, 
and of these only six were sunk to depths greater than 100 feet. 
In the northwestern part of the township some difficulty “s 
experienced in obtaining adequate supplies of water at shallow 
depths, but elsewhere little difficulty should be experienced in 
obtaining sufficient water for all farm and municipal needs at 
depth. All the wells and springs derive their water supply from 
the drift, mainly from pockets, lenses, and layers of sand and 
gravel within the till. Only one well is known to have been 
drilled into bedrock. 


Drilling into the bedrock formations that underlie 
Whitchurch township in search for water is not advised as they 
lie at great depth and most of the water they yield is too 
saline to be used for farm or municipal use. A 1,292-foot well 
drilled in lot 4, con. I, on the farm of J, H. C. Durham, in 
search of gas and oil, encountered bedrock at a depth of 570 
feet. Water was obtained from the Trenton limestone at a depth 
of 1,145 feet, but no information was secured as to the quantity. 
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Data on this well are not listed in the well compilation sheets, 

but it has been described by R. B. Harkness, 

Be ee EA a I es ar un ARR coo 
Thoth Annual Report of the Ontario Department of Mines, 1931, 

FLSeutV¥ and Vy-pe 51. 
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With the exception of the area in the northwest corner 
of the township mentioned earlier, where deposits of sand and 
gravel in the upper part of the drift are scarce, little difficulty 
is experienced in obtaining water at depths down to 80 feet. 
Where sand and gravel deposits occur at the surface or are overlain 
by a thin covering of boulder clay, few shallow wells fail to 
encounter water in sufficient quantity for most farm needs, This 
is typical of the southeastern part of the area where the supply is 
particularly abundant. In those areas where the deposits of sand 
and gravel do not appear at the surface, there is no way of 
determining their location and extent except by sinking wells or 
test holes, 


In scme parts of the township, particularly in the 
northeast corner, difficulty may be experienced during drilling 
in controlling the fine sand that forms the water-bearing beds 
and in all probability screens will have to be utilized in wells 
penetrating these beds to ensure a sufficient supply of ground 
water, 


At least 80 flowing-artesian wells exist in the area 
covered by lots 6 to 8, cons. IV and V, lots 1 to 8, cons. VI, 
VII, VIII, and the western part of con.IX. The wells vary in 
depth from 20 to approximately 100 feet, most being between 50 
and 90 feet, and tap water-bearing beds of sand and gravel. In 
at least two places in this area two water-bearing horizons are 
known to exist. In lot 7, con. VI, on the farm of A. Neighorn, 
water under sufficient pressure to overflow the surface was 
encountered in sandy material overlying clay or "hardpan" at a 
depth of approximately 30 feet. A much stzvonger flow of water 
was obtained by drilling through the "hardpan" into fairly coarse 
gravel that occurs at a depth of 70 to 380 feet. It is reported 
that similar conditions exist in lot 4, con. VIII, on the property 
used by a goldfish supply company. During the summer of 1937, a 
well drilled by Rofrey Bros. for the Stouffville water works in 
lot 8, con. VIII, encountered water in fine sand at a depth of 
approximately 20 fect with sufficient pressure to flow at the 
surface, At a depth of approximately 90 feet, however, a medium 
coarse gravel was encountered that did not contain water. It is 
thought that this is similar to the deposit of gravel which is 
the source of the ground water for the flowing artesian wells to 
the south and southeast. It is not definitely knowm if the 
deposits of sand and gravel that form the water-bearing beds of 
the flowing wells in this area occur as continuous layers or as 
separate tongues extending southward from the terminal moraine. 
The former is probably true as mast wells drille? in this 
district encounter water under sufficient pressure to overflow the 
surface. The water-bearing beds slope up northward into the 
terminal moraine and the difference in elevation between it and 
the well sites is the cause of the pressure. The water barely 
overflows the surface in many wells, but in others the piezometric 
surface is from 1 to 15 feet above the ground surface, and the 
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volume of ground water produced is reported to be from 10 to not 
less than 40 gellons an hour, Very little difficulty should be 
experienced in locating an abundant supply of usable water in the 
southeastern part of the township. Not all wells will flow, but 
the water should rise a considerable distance in the wells. 

Water from deeper wells may contain a considerable amount of iron. 


At least 31 flowing-~artesian wells are known to occur 
in the northwest corner of the township, in lots 26 to 35, con. I, 
lots 28 to 35, con. II, and lots 31 to 35, in the western part of 
con. III, Most of these wells are from 120 to 160 feet deep, but 
a few are less than 75 feet deep and some are over 200 feet deep. 
At least two water-bearing horizons occur in this area. 


Seven wells derive water from sand that underlie blue 
clay at depths of 24 to 72 feet. The water is under sufficient 
pressure to overflow the surface, rising 3 feet above it in 
some places. This bed does not, however, appear to be continuous 
throughout the locality, as many wells passed through these 
horizons without encountering water. Other water-bearing deposits 
occur in narrow bands filling old drainage channels buried by 
drift that slope upward into the terminal moraine to the south. 
The water in these is of good quality and fairly abundant in 
quantity, being ample for all local requirements. 


The main supply in this northwest corner of the township 
occurs in sand or gravel at depths of 120 to 160 feet. These 
deposits are overlain by impervious blue clay and, in most but 
not all cases, the gravel underlies the sand. The aquifers for 
the deeper wells appear to be fairly continuous and probably 
underlie most, if not all, of the area in which flowing-artesian 
wells occur, Proof that several wells derive water from the 
same horizon is shown by the fact that the supply from some wells 
was appreciably decreased when the wells used by the town of 
Newmarket were drilled, especially the new well drilled in 1937. 
The water from this horizon is under considerable pressure and 
rises 1 foot to 5 feet above the surface. The water-bearing beds 
are thought to slope up into the terminal moraine to the south 
and the difference in elevation of the ground-water level in the 
water-bearing beds in the terminal moraine and at the various 
well sites accounts for the pressure. liost of the flowing- 
artesian wells occur in the wide valley of Holland River and its 
tributary, The possibilities of obtaining other flowing-artesian 
wells in this area appear to be very good. Wells drilled with the 
hope of encountering water under sufficient pressure to overflow 
the surface should be located at sites of low elevation, as it was 
noted that the water in a few wells in this area, situated at 
points of considerable elevation, did not flow although it did 
rise some distance in the wells. 


Two flowing-artesian wells in lots 18 and 19, con, I, 
near Aurora, derive water from sand and gravel aquifers at 85, 
100, and 160 feet. These aquifers are believed to be continuous 
with similar aquifers in King township to the west, but to be 
different from the aquifers yielding ground water to the flowing- 
artesian wells in the Newmarket area. Artesian pressures in these 
aquifers decreases towards higher ground to the south, and, in 
lot 15, water rises in non-flowing artesian wells only to within . 
6 feet of the surface. 
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Springs are fairly numerous throughout the township 
and av least 53 are being used for domestic or stock needs, 
They occur along drainage channels and at the bases of some 
hills. Water supplied by springs is abundant and of excellent 
quality. Numerous springs issue from the slope at the Stouffville 
water reservoir, and doubtless many not shown on the map occur 
in the townshin, 


Community Supplies 


Town of Aurora. The town of Aurora, population 
approximately 2,700, obtains its water supply from flowing- 
artesian wells. One flowing well is in Whitchurch township and 
the others, 7 in number, are in King township. The well in 
Whitchurch township, situated at the pumping station and stand- 
pipe, is 260 feet deep and derives water from sand and gravel 
at depths of 100 and 260 feet. The pressure is sufficient to 
raise the water 6 feet above the surface, and the water flows 
into a reservoir from where it is pumped into a standpipe. The 
flow from this well is approximately 50,000 gallons a day. 
Another reservoir of 35,000 gallons capacity on the west side 
of Yonge Street just south of the standpipe receives water from 
three flowing-artesian wells 91 to 98 feet deep. Water from 
four other flowing-artesian wells west of Yonge Street flows 
into a third reservoir of 11,000 gallons capacity. This water 
is obtained at depths of 119 to 140 feet and rises 6 to 8 feet 
above the surface. Water from all three reservoirs is pumped 
directly to the mains without processing. The daily consumption 
of water for Aurora is approximately 200,000 gallons. During 
1936 some 77,000,000 gallons of water were obtained from the 
wells and there was a surplus of about 10,000,000 gallons. 


Town of Newmarket. Newmarket, population 3,600, obtains 
its water supply from wells. Prior to 1937 the supply was 
derived from 3 flowing wells, 150, 200, and 300 feet deep, The 
water was pumped from a 100,000-gallon reservoir into a 175,000~ 
gallon standpipe end thence to the mains. In 1937 a new well 
drilled by the International Water Supply Company came into use, 
Water was encountered in three horizons at depths of 90, 190, 
and 265 feet, but only that from the latter is being used. To 
remove impurities of sand, silt, iron, and natural gas, the 
water is first sprayed into a tank and then pumped through sand 
filters into the mains. Yield from this well is 140 gallons a 
minute, 


Village of Stouffville. Stouffville, with a population 
of approximately 1,050, obtains its water supply from flowing- 
artesian wells and springs located in lot 9, con, VIII. Most 
of the water is derived from 8 flowing-artesian wells at depths 
of approximately 20 feet and is stored in two open cement and tile 
reservoirs of 250,000 and 300,000 gallons capacity, The water from 
a few springs is also diverted into the reservoirs, Water is 
Piped by gravity to the town, which lies about 3 miles southeast 
of the reservoirs and 120 feet lower in elevation, It is used 
without purification. The average daily consumption is 75,000 
gallons, The supply is sufficient for present needs, 
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During the summer of 1937 a test hole was drilled at the 
reservoirs in order to ascertain the possibilities of obtaining 
additional water below the level at which the present supply is 
derived. Water under artesian pressure was encountered in sand at 
about 20 feet. This was cased off and drilling continued to a total 
depth of 142 feet, At about 90 feet dry ground was encountered and 
at about 140 feet fine water-bearing sand, Water from this fine 
sand rose to within 40 or 50 feet of the surface, but in a period 
of 4 days sufficient sand had been drawn into the drill pipe to 
plug the lower 50 feet of the hole, The hole was then abandoned, 
Successful screening of the sand would be possible if it were 
necessary .2. the future to drill to this depth for water, 


The water supplies of smaller communities throughout 
the township, such as Vandorf, Lemonville, Ringwood, Bethseda, 
Bloomington, Ballantrae, and Cedar Valley, are derived from 
privately owned wells, These wells are of various depths and 
obtain their water from the glacial drift, The supply is sufficient 
for local needs, 


Analyses of Water Samples 


One hundred and twenty-four samples of well waters from 
Whitchurch township were analysed for their mineral content in the 
laboratory of the Geological Survey of Canada. The samples were 
taken from depths of from 0 foot to 336 feet, and all are from 
glacial drift. Most of them were found to be suitable for domestic 
and farm use, 


Amounts* of Dissolved liineral Matter in Waters Collected in 
Whitchurch Township 


cidieniiniedioemetenentant 
Se “ “ 


a: 


ee 
ey 


— 


Water from glacial drift 
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Constituent | (124 analyses) 
| Maximum | Average | Minimum 
i P j 
Total dissolved solids OhOnngat * BS) 80 
Silica (Si0>) Lie COE kG ke sem 2 
Iron (Feo03) and alumina (A103) 6h | Z| 2 
Calcium (c2) | Palle: | 7h ao 
Magnesium (Mg) | 3h | 19 | 3 
Sodium (Na) | 102) \ ae nines nil 
Sulphate (SO, ) 19 | h1 | 8 
Chloride (C14 Gena aet 22 3 
Total hardness b= 200g he eee | L5 


XTy parts per million. 


Conclusions 
This investigation warrants the following conclusions: 


1. In most parts of Whitchurch township ground-water supplies are 
fairly abundant. Most wells, except those in the northwestern 
corner of the township, supply ground water from depths of 80 
feet or less, 
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Precipitation appears to be sufficient to furnish adequate 
supplies of ground water, but in times of drought, or 
during extended periods of decreased rainfall, consumption 
may be greater than recharge, resulting in a lowering of 
the water-table. Some wells go dry at such times, and it 
may be necessary to deepen them to ensure a permanent 
supply of water, 


The quantity of ground water available from a well depends 
upon the porosity, thickness, and extent of the aquifer 
penetrated, 


Aquifers in ground and terminal moraine areas are irregular 
lenses, pockets, and sheets of sand and/or gravel confined 
upon, within, or beneath relatively impervious clay or clay 
bits. 


Ground water is abundant and readily recoverable in the 
interlobate, or kame moraine, area in the central part 
of the township. However, the depth at which water may 
be reached varies considerably over this area, 


Fine sand of some aquifers may plug wells and make them 
useless as a source of water. Screens have been used 
effectively to stop the flow of sand and ensure permanent 
supplies of water. 


Flowing wells are numerous in two large areas within the 
township. Sand and gravel aquifers in those areas lie 
directly upon or beneath confining layers of clay or clay 
till, The aquifers have a fairly steep gradient up onto 
the terminal moraines, and the difference in elevation 
between the point where water enters the aquifer on the 
moraines and the point where it is released in the well 
forms sufficient hydrostatic pressure to cause the water 
to flow above the ground level, 


Drilling into bedrock underlying the glacial drift is not 
advised, Water derived from this source will in all 
probability be too salty for domestic use, 
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FIGURE 2 
MAP SHOWING TYPES OF OVERBURDEN AND BEDROCK FORMATIONS 
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FIGURE 2 
MAP SHOWING TOPOGRAPHY AND LOCATION AND TYPES OF WELLS 
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FIGURE 1 
MAP SHOWING SURFACE DEPOSITS 
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